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NEGATIVE RESULTS ON PHYSIOLOGICAL BALANCE IN SOIL 

CULTURES* 


R. P. Hibbard 
* . 


(WITH ELEVEN FIGURES) 


Introduction 


The use in the field of the triangular system of determining salt ratios 
was first attempted by the writer in the growing season of 1918. In the 
fall of that year, Schreiner and Skinner (10) reported on some of their 
field work. It has been shown previously by the author (3) that there is 
some evidence of a physiological balance in the soil solution extracted from 
the soil and set up in culture jars in the greenhouse. The study reported 
here was expected to show whether or not a physiological balance exists in 
the soil solution in situ . It is perfectly evident that such a study as this 
is considerably more complicated than one in water cultures. The medium 
of growth, a fertile soil, is indeed very complex, physically, chemically, and 
biologically. It must also be considered as in a dynamic state, in a condi- 
tion of change. In spite of the complexities which make correct interpre- 
tations difficult, and because there are still possibilities for improvement in 
the generally accepted plan of applying soil fertilizers, Schreiner and 
Skinner (10), Lipman and Lin hart (7), efforts should be made and are 
being made to apply the triangular system to field studies. It is quite evi- 
dent that for these reasons, if not for the fact that our annual expenditure 
for fertilizer practice is well over a hundred million dollars a year, any and 
every fertilizer practice should be actively investigated. 

Such studies involve investigations of the salt requirements of agricul- 
tural plants, a study of the mechanism of absorption, and of the uses, func- 
tions and modifications of the various ions when finally within the plant. 

* Published with the permission of the Director of the Experiment Station. 
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Greenhouse methods 

The method of conducting this experiment is based on previous but un- 
published studies of wheat, corn, and tomatoes grown in different media, 
soil, quartz sand, and distilled water (4). 

The culture pots were 23 cm. high and 20.5 em. in diameter, sufficiently 
large to hold enough soil (6 kilograms) to allow for the growth of wheat to 
maturity. In using pots of this size it is necessary to construct special 
watering devices, incorrectly designated by some authors as potometers. 
The apparatus has been frequently used in this laboratory for many years 
and is described by Yunckek (16) . 


Fig. 1. Plant cultures in early stages of growth on rotating table. Temperature cage* 
evaporimeters, and humidity apparatus are shown. 

For aerating the culture, a piece of glass tubing was run into the soil 
down to the gravel layer at the bottom of the crock. The old air was forced 
out and new introduced each time water was added through the watering 
device. Since the surface was not sealed with wax, evaporation from the 
soil was lessened by a top layer of fine gravelly loam. As a record of water 
lost from the plants was desired, the small amount lost through the soil had 
to be determined by comparing the amounts lost from three or four sim- 
ilarly prepared pots not planted to a crop. 

The culture pots thus constructed were entirely satisfactory, and the 
plants grown in them were very vigorous and looked very healthy. They 




HIBBARD — PHYSIOLOGICAL BALANCE IN SOIL CULTURES 


3 



compared very favorably with plants of the same variety in the field. Mar- 
quis wheat, the variety used here, grows to a height varying from 2.4 to 4 
feet in the field. Those in the greenhouse varied from 3.2 to 3.8 feet. The 
heads were well formed, and varied in length from 2.7 inches to 3.8 inches, 
while in the field the variation is from 2.5 to 4 inches. In one respect, the 
plants in the field differed markedly from those in the greenhouse. In the 
field, Marquis averages 3 tillers to a plant, and all are likely to produce 
heads. But in the greenhouse, only 16 plants out of the 420 had tillers, and 
from these only one head was formed. The short duration of light, and its 
low intensity during the winter months when the; experiment was con- 
ducted, probably account for the condition mentioned above (1). Two 
photographs of the plants were taken, one at an early stage of development, 
and the other at harvest time. These are shown in figures 1 and 2. 


Fig, 2. Condition of plants at harvest time. 


Comparison of an average field plant with an average plant grown in 
the greenhouse shows a close resemblance in all respects, except for the 
number of tillers. The field plants yield more grain because of the number 
of tillers. In table I are shown the field records of “ Marquis wheat per 
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three square yards” grown in Wisconsin and supplied to us by Professor 
Arny. 


TABLE I 

Marquis wheat per three square yards 


Plot number 

j Number of 

PLANTS 

! Number of 

j CULMS 

Weight of 
STRAW 

1 Weight of 
GRAIN 





gm. 

20 

154 

379 

481.8 

237.5 

34 

172 

337 

444.8 

241.5 

39 

199 

390 

475.0 

'1 250.3 

s 

Average 

175 

i 

369 

467.2 

! 243.1 


In a letter dated November 15, 1920, Professor Arny states that “the 
plants were pulled and separated as nearly as possible and the above data 
taken.” He also states that “when plants are grown in drill rows it is not 
possible to make an absolute separation. ? ’ 

Taking the averages in the table, the weight of culms per plant is 2.66 
grams, and the average weight of grain per plant is 1.39 gram. The weight 
of straw per culm is 1.27 gram, and the weight of grain per culm, 0,656 
gram. The average weight of culm calculated from our data is 1.44 gram,, 
while for the 24 plants in the two cheek pots it is 1.26 gram. The average 
weight of grain per culm calculated from our data is 0.671 gram, while for 
the checks it is 0.598 gram. We may therefore safely conclude that the 
culture pots were suitably constructed for the growth of Marquis wheat in 
the greenhouse. 

The soil. — This was obtained from the field where the outdoor experi- 
ment was conducted. It was a composite sample of surface soil taken from 
a depth of not more than four inches from various parts of the field. In 
technical terms this soil is called a fine sandy loam of the Miami Series. At 
the time of the experiment, the moisture content of the soil was 1.11 per 
cent., the water-holding capacity 38.29 per cent., and the organic matter 4.95 
per cent. These data enabled me to determine the amount of water to add 
to the pots to allow for excellent growth of the plants. 

Fertilizers, — The three salts commonly used in the United States for 
fertilizer mixtures are Ca(H 8 P0 4 ) 2 , NaN0 3 , and K 2 S0 4 . An analysis of 
each of the fertilizer salts was necessary in order to determine the exact 
amount of active ingredients present. Potassium sulphate contained 47.79 
per cent, of K 2 0, sodium nitrate 15.1 per cent, of nitrogen, and calcium acid 
phosphate 16.5 per cent, of available P 2 0 5 . 

In the selection of fertilizer compounds, it is obvious that they should 
contain all of the essential elements, and that the compounds should be 
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compatible. In the sodium salt, we are introducing the Na ion which is not 
classed among those essential. The essential Mg ion is not present in any 
compound. It is assumed here that the Mg ion present in the soil is suf- 
ficiently abundant and need not be added as a commercial fertilizer. How- 
ever, if water culture experiments were being planned, Mg would be neces- 
sary, and modification of the experiment would be advisable. 

Livingston and Tottingham (9) have shown that there are differences 
in the growth of plants, depending on which basic and acidic radicals are 
united. 

They have shown, in a preliminary test, that when KN0 3 is substituted 
for Ca(NO :! ) 25 and when the H 2 P0 4 ion is united with the Ca ion, better 
growth results. They suggested a thorough testing of the six possible com- 
binations of the six essential elements of the ions Ca, Mg, NO s , H 2 PQ 4 , K, 
and S0 4 . 

Fertilizer mixtures. — After studying the literature on fertilizer for 
wheat, it was decided to make the application at the rate of 100 pounds of 
active ingredients to the acre. Regardless of the filler in the fertilizer and 
regardless of the ratio of the various ingredients to each other, this means 
that the total weight of P 2 0 5 , K 2 0 and N in the mixture must always be 100. 
Calculation showed that the above application per acre would require, in 
the case of each pot of 2-gallon capacity, 320 milligrams of active ingredi- 
ents. The actual amounts of the different ingredients for each pot or cul- 
ture w r as determined in the following manner: The total weight (320 milli- 
grams) was distributed among the three salts in such a manner as always 
to sum up to ten, since it had been arbitrarily determined that the propor- 
tions were to vary in ten per cent, increments. With three variables under 
consideration (N, P 2 0 5 , and K 2 0) varying by increments of ten per cent., 
there are thirty-six possible combinations or ratios. For further details 
concerning the method of calculating the various ratios see Tottingham 
(12) . The soil and fertilizers required for each pot were thoroughly mixed in 
the manner suggested by Truog (14). Besides the thirty-six cultures called 
for, twelve others were set up. Two were used as controls, four with an 
application of acid phosphate alone, three with sodium nitrate alone, and 
three with potassium sulphate alone. The quantities in grams in each of 
the ingredients, and for each fertilizer per pot are noted in table II. 

Seeds. — The seedlings for this experiment were raised from pure line 
Marquis wheat seeds supplied by W. E. Tottingham, of the Wisconsin Sta- 
tion, from the 1917 crop. The seeds were germinated on a paraffined mos- 
quito netting over a dish of weak nutrient solution. When about six to 
nine centimeters tall those measuring 8 centimeters were transplanted into 
the pots, the seed part being buried to a depth of three-quarters of an inch. 
Each pot was planted to 12 seedlings. A recent study (13) has shown that 
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uniform initial seed weight reduces variability, and that selection of young 
seedlings for uniformity of height exerts a similar influence, although proba- 
bly less pronounced. Bach culture was brought to a water content equal to 
60 per cent, of its water-holding capacity. A layer of gravel covered the 
soil surface to reduce the surface loss of moisture. Each pot was then 
weighed and the weight recorded on the pot. This is necessary if one de- 
sires to know the water loss for definite periods of time. 

Environmental conditions. — The experiment was conducted in the 
greenhouse starting on December 16th and ending at harvest time, June 3rd. 
The cultures were placed on a large rotating table, 8 feet in diameter. 
There were too many pots to put in a single row so they were arranged in 
three rows as near the margin of the table as possible. The position of the 
cultures was changed from one row to another every three days. Some 
studies were made to determine the effect of the position of a culture on 
transpiration. It was found that cultures on the outer row transpired more 
water than those on the inner row and the middle row, while those on the 
inner row transpired more than those on the middle row. This was true 
for the period of this test or for about two weeks while the cultures were 
in the three rows. After this the cultures were set in two rows and the 
transpiration from them was not appreciably affected by whether the culture 
was in one or the other row. There were a few exceptions to this general 
rule and these were due to the fact that in one row there happened to be a 
larger proportion of cultures that w r ere transpiring more heavily, and had 
so transpired from the beginning. In these tests on transpiration, it was 
further found that some cultures always transpired heavily no matter what 
row they were in. A few other cultures were low transpirers throughout 
the experiment. 

At the start of the experiment the light intensity was probably not as 
conducive to good growth as might be desired, yet the plants did not appear 
to suffer. Shortly after the experiment was started, the days began to 
lengthen. When light became too intense during the latter part of the 
experimental period, cheese cloth was used to reduce the intensity, or the 
glass of the greenhouse was whitewashed. The temperature of the green- 
house for a period of nine weeks during the winter months was kept close 
to 70° F. by thermostatic regulation. Later in the season, with the steam 
off and the ventilators open, outdoor conditions were the rule, except at 
night when the ventilators were closed. During this period of five weeks, 
there were two low readings, and a few high ones (80° to 90° F.) at mid- 
day. During the last ten weeks, the temperature variations were more 
frequent and of longer duration. The plants, however, suffered at no time. 
The records show that 83 per cent, of the possible optimum range of tern- 
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perature for wheat was attained. This may be considered a very good per- 
centage. A summary of the thermographic records is shown in table III. 


TABLE III 

Summary or the thermographic records for the period of the experiment 


TWO- WEEK 
PERIODS 

< & 

E a 

Dura- 

tion 

Mini- 

mum 

Dura- 

tion 

■ 

Dura- 

tion 

AEOVE 

70° F. 

Dura- 

tion 

BELOW 

55° F. 

Total 

dura- 

tion 

55 °- 70 ° 

Total 
dura- 
tion 
55 °- 70° 


°F 

Hours 

°F 

Hours 

Hours 

Hours 

Hours 

Per cent. 

Dec. 16-29 ’18 

87 

0.5 

60 

0.5 

15 


321 

95.5 

Dee. 30-Jan. 12... 

87 

0.5- 

56 

0.5 

18 


318 

94.6 

Jan. 13-Jan. 26., . 

92 

0.5 

62 

0.5 

16 


302 

95.2 

Jan. 27-Feb. 9... 

78 

0.5 

49 

0.5 

12 

1 

323 

96.0 

Feb. 10-Feb. 23... 

82 

1.0 

54 

0.5 

17 

1 

318 

94.6 

Feb. 24-Mar. 9... 

75 

0.5 

42 

0.5 

20 

41 

275 

81.9 

Mar. 10-Mar * 23... 

88 

1.0 

49 

0.5 

37 

6 

293 

87.2 

Mar. 2 4- Apr. 6... 

97 

0.5 

38 

0.5 

76 

49 

211 

62.8 

Apr. 7— Apr, 20... 

89 

0.5 

48 : 

1.0 

| 27 

35 | 

274 

81.5 

Apr. 21-May 4... 

85 

1.0 

j 48 ! 

1.0 

23 

21 | 

291 

86.9 

May 5-May 18... 

94 

2,0 

45 

! 1.5 

74 

45 

217 

64.5 

May 19- June 1... ; 

100* 

1.5* 

50 

| 5.0 

116 

38 

182 

54.1 

Total 


10 


12.5 

451 

197 

3333 

82.9 


* Reached 100° at noon on six consecutive days for a period of 15 minutes each time. 


The optimum range for wheat was taken as 55°-70° F., the range de- 
termined by Hutcheson and Quantz (5) in their study on greenhouse 
temperatures as affecting the growth of small grains. The air temperature 
records were taken from a thermograph, shaded from the sun in a tem- 
perature cage. 

That the air moisture condition in the greenhouse is an important factor 
in plant growth is well recognized, and a thorough wetting down of soil, 
benches, and walks daily is the usual practice. A too moist condition, how- 
ever, is conducive to attacks of mildew, while a very dry greenhouse is 
unsuitable for plants, causing a drying of leaves, followed usually by the 
death of the plant, even though the roots are in moist soil or even in water 
cultures. The moisture condition of the air is usually given in terms of 
relative humidity, but unless the temperature is stated also the picture of 
the conditions is inadequate. The same percentages of relative humidity 
have very different meanings when the temperatures differ widely. Take, 
for example, an illustration from the present study. In the early part of 
the experiment, December 23rd, at 8 o’clock A. 3VL, the relative humidity 
was 57 per cent. On June 7th at the same time of day, the relative humid- 
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ity was the same, but in the first case the temperature was 69°, while in the 
second it was 75°. The air moisture factor in the one case was 9.23 mm. ; 
in the other, 12.65 mm. The relative humidity was the same, but the air 
moisture factors differed by 3.42 mm. Like relative humidities do not there- 
fore present similar pictures of the air moisture condition except when the 
temperatures are the same. It is preferable, therefore, to determine the air 
moisture conditions from records of the evaporating power of the air as 
shown by a standard evaporating surface, such as the porous clay spheres, 
or Livingston atmometers. 



Fig, 3. Mean daily temperature, T, in degrees F.j mean daily evaporation, E, in 
ce. ; and mean daily duration of sunshine, S, in hours in two-week periods. S is given 
for outdoors, and this condition is much reduced inside the greenhouse. 


The air moisture condition, or atmometric index, was derived from rec- 
ords obtained from two standard white spherical atmometers kept on the 
rotating tables during the experiment. Humidity percentages were calcu- 
lated three times daily (8 A. M., 12 M., and 6 P. M.) from results obtained 
by the sling psychrometer. The hygrograph did not prove satisfactory 
and was discarded. The sling psychrometer was mounted on a board, the 
bulb of the wet thermometer resting over a hole in the board, which allowed 
free circulation of air over the wet bulb. When a reading was desired, a 
current of air from an electric fan was directed at the apparatus, the read- 
ing made, and humidities calculated from the psychrometric tables. Curves 
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of temperature, evaporation, and sunshine duration are given in fig. 3. The 
results in table III are given in two-week periods. 

Some mutual shading of the well-grown plants could not be avoided. An 
attempt was made, however, to minimize the error arising from this condi- 
tion by changing the position of the cultures on the rotating table at the 
end of every three-day period, at the time when distilled water was added. 
Plants from the inner row were changed to the outer row and vice versa . 

This consideration of the environment is by no means complete, nor is 
one to infer from the separate discussion of the individual factors already 
made that these act upon the plants singly. The influences acting upon the 
plant are the resultant of all factors. This is the reason why it has been 
so difficult to evaluate the climatic complex. 

Fumigation op greenhouse. — On December 10th, just before the ex- 
periment was started, it was observed that mildew was appearing on wheat 
plants in other portions of the greenhouse. Fumigation was accomplished 
by painting the steam pipes that night with a sulphur paste. By carefully 
controlling the humidity conditions in the greenhouse, and by keeping the 
temperature near that suitable for the growth of wheat (60°-70° F. during 
the day, and 50°~60° F. during the night) we were not troubled again dur- 
ing the period of the experiment. 

In early March thrips and lice appeared and these were controlled by 
fumigation over night with “ Black Leaf 40 ” at the rate of one ounce for 
every 1,000 cubic feet of space. The fumigation was repeated the following 
morning. This controlled the insects for a time but they appeared again in 
April. On the 3rd of April, the third and last fumigation was made and 
this proved effective for the rest of the experimental period. These various 
fumigations had no deleterious effects on the wheat at any time. 

This statement of the experimental methods, although too long, is de- 
sirable, for much of the difference in results obtained by various workers 
might be eliminated if the description of conditions were sufficiently detailed 
to allow real duplication of conditions. 

Discussion of results 
Three salt cultures 

This experiment deals with the growth of Marquis wheat in soil (pot 
cultures) in the greenhouse during the winter of 1918-19. The plants were 
grown to maturity, were healthy and robust, and compared exceedingly well 
with plants grown in the field. The w r ell known triangle system for deter- 
mining the best salt ratio for optimum yields w r as tried out. The actual 
gain or loss in any particular culture is figured on the basis of check as 
unity, and is obtained by dividing the culture yield by the check yield. 1 

i The check yields are the yields from two cultures of twelve plants each, in fertile 
soil that had received no special fertilizer treatment. 


12 PLANT PHYSIOLOGY 

The final results of the yield of grain and straw are given in tables IV 
and V. Special attention is called to column 8 in table IV which shows the 
average weight of grain relative to check as unity. It is from this column 
that a picture of the differences in yield for the various cultures can be 
drawn. The same is true for column 7 in table V in regard to straw yield. 
The last column in each table indicates the rank of the low and high yield- 
ing cultures. The nine high yielding cultures are indicated by an II pre- 
ceded by the figure indicating the rank. The nine cultures showing the 
lowest yields are indicated by an L preceded by the figure indicating the 
rank. 

The high and low yields are plotted on the triangle in figure 4. With 
very few exceptions, the low grain yields are grouped in that angle of the 
triangle which represents high ratios of K 2 0. The same is true with respect 
to straw yields. High ratios of K 2 0 are not conducive to good growth. A 
further proof that high applications of K 2 0 are bad is found in the results 
obtained where this single salt is used. When 536 milligrams are added 
per pot (at the rate of 168 pounds per acre), the grain yield is reduced 7 
per cent, and the straw yield by 18 per cent, when compared with the 
checks. When 268 milligrams are added per pot (application at the rate 
of 84 pounds per acre), the yield of grain is increased by 6 per cent, and 
the yield of straw by only 1 per cent. At the rate of 42 pounds per acre 
(134 milligrams per pot), the results are again negative, the grain yield 
being reduced 8 per cent, and the straw yield 2 per cent. 

In regard to the high yields, the results as shown on the triangle are not 
what might have beep expected. From a priori reasoning a single best cul- 
ture should be found, and grading from this in all directions should be 
found the succeeding high yielding cultures. In this particular experiment 
there are two high points. Many workers have found two high regions and 
two low regions. No explanations have been offered, but it is evident that 
the centers of groups of good cultures might be just off the particular tri- 
angle studied, while a few cultures forming the outer margin of high yield- 
ing regions would enter the triangle. This explanation, however, is not 
adequate in the present case, as it is very apparent that three or four of 
the good cultures are scattered in widely different parts of the triangle with 
poor cultures their immediate neighbors. 

A glance at the yield figures of tables IV and Y shows one exceptionally 
high culture, and it could be argued that it gave an abnormally high yield, 
and should rightly be eliminated from consideration. Two or three other 
cultures could be eliminated for various reasons, but in this process of 
elimination where shall one stop ? If we eliminate the cultures at the upper 
and lower right corners of the triangle, and the two in the medium lower 
right angle, there would be left five cultures of about the same grade of 
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value near the upper middle region. This shows that there is a demand for 
acid phosphate, and is in accord with the general field experience that small 
grains require considerable phosphoric acid. Perhaps it may be safe to say 
that phosphoric acid is required more than nitrogen since there are more 
high cultures nearer that angle than the nitrogen angle. This reasoning, 
however, is not satisfying. 

It is not beyond reason to try to trace the condition found to variability 
of the individual plants. It has been suggested that variability of plants 
in water culture is so great that it may obscure the relation between the 
growth of plants and the physiological values of the solutions tested. The 
writer has demonstrated this in his own experiments several times in the 
last, six or eight years. The same might be true of plants in soil cultures, 
but it is not so strikingly evident in this experiment. The seeds used were 
from a pure line ; they were selected carefully according to standard rules, 
were germinated under controlled conditions, and the test plants selected 
for uniform height and growth from a large group. All were planted at 
the same depth in the soil and given the same care. At harvest time, the 
height as well as the length of head of every plant in each culture was mea- 
sured. In addition, the following data were also collected for each culture : 
Total weight of heads and grain, total weight of grain, total number of 
grains, weight of 100 grains, and total weight of straw. 

Variability in the height of the plants in a culture was quite small. The 
coefficients of variability for all of the cultures were determined and the 
average was 8.2 per cent. The highest coefficient in the whole group was 
13.3 per cent. This is not considered high, judging from the records which 
have been obtained from various experiments both in the greenhouse and 
in the field under conditions where great variability was sought, and where, 
by controlling conditions, variability could be held down to a low per cent. 
There was considerable variability between cultures; but within a single 
culture there was very little individual variability. By further study it 
was found that among the 9 best cultures there was a real difference only 
when the best and the poorest in the group were compared. The odds of 
144 to 1 showed a real difference between the poorest and the best in the 
group of 9 best cultures. The others did not show any significant differ- 
ence. Love's modification of Student's Method was used in these compu- 
tations. When any culture in the group of 9 best was compared with any 
in the group of the 9 poorest cultures, the differences were significant also. 
Finally as to the check cultures, two in number, it can be said that they 
were similar, there being no significant differences between them as far as 
the height of the plants is concerned. Calculated by Student's method, the 
odds were merely 10.9 to 1 and by Bessel's method, 13.5 to 1. The above 
facts indicate that variability within a culture is not sufficiently large to 
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explain the lack of satisfactory grouping of the high yields on the triangle. 
Furthermore, the data show that the salt ratios produced differences in 
cultures throughout the triangle. The relation between the growth of 
plants and the physiological values of the solutions were not obscured, there- 
fore, by variability. To charge the lack of grouping to variability in seed- 
lings seems begging the question. 

These considerations are based on records of the height of individual 
plants. That conclusions drawn from these height measurements are as 
reliable as those from individual dry weights or grain weights, which are 
more often offered, can be shown. The individual grain weight records 
were not gathered in this particular experiment, but those of the culture as 
a whole (12 plants) were obtained. 


TABLE VI 

CORRELATION BETWEEN HEIGHT OP PLANTS AND DRY WEIGHTS 

Length, of plants in cm., average of 12 plants 
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The correlation between height of plants and weight of grain is shown 
in table VI. It shows a high positive correlation between the height of 
plants per culture and the weight of grain per culture. It is perfectly 
logical, therefore, to draw the conclusion that height of individual plants 
is correlated with their yield, and that the argument previously developed 
is just as important as if it had been based entirely on individual grain 
yields instead of height of individuals. 

Schreiner and Skinner, who were originally responsible for the use of 
the triangular system for determining the salt requirements of agricultural 
crops in water cultures, early concluded that the ratios of salts might vary 
widely without appreciably affecting the yields. Others, working more 
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recently, though not using the triangular system in detail, have drawn the 
same conclusion, and might use the data here presented to support their own 
conclusions. Perhaps they would be correct. There is, however, another 
suggestion that might be presented and which may have more than a slight 
bearing on the question. Our agricultural crops have been for generations 
so modified by domestication that they have become accustomed to wide 
variation in environmental conditions and do not lend themselves to studies 
of this kind. Results might be very different with some wild variety raised 
in a restricted environment. 

Finally, the observed facts may be due to the possible variability in the 
soil. The soil is a very complex medium for the growth of plants. In the 
field, there are many differences in localities within a few feet of each other. 
In this particular experiment every effort was made to prepare the soil so 
that uniform samples could be obtained for each culture. The soil was first 
air dried, then sifted, then redried, and broken up finally to pass through 
a 4 mm. mesh sieve. It was then stored in tight cans until needed. When 
ready to prepare the cultures, a definite amount of soil for each culture pot 
(6,400 grams) was placed on a clean paper on the table and thoroughly 
mixed with the sample of fertilizer for that particular culture. This mix- 
ing was done according to the plan suggested by Truog (14). It is not 
believed that the differences in the cultures were due to any possible dif- 
ference in the soil used. That the differences are attributable to the fer- 
tilizer ratios is more logical. That the poor grouping of the best cultures 
could be traced to the soil used is not likely, considering the great care taken 
to make the soil uniform for all culture pots. 

A duplicate of this experiment was started in September and was com- 
pleted in March. There was excellent vegetation growth, but no heading 
out even after a period of one hundred and sixty-eight days. Light was 
considered the limiting factor, during the early period at least. After a 
careful study of the cultures as to general appearance, it was found that 
the same general conclusions would have to be drawn as in the first case. 
The experiment was terminated with no further collection of dry weight or 
other data. 

In addition to the method illustrated in figure 4, there is still another 
way of calculating the effects of the fertilizer salts, viz . : by arranging the 
various cultures in groups. For example (see figure 5), the ten cultures 
in the top portion of the triangle represent cultures high in acid phosphate, 
while a similar number of cultures in the lower right portion represents 
cultures high in sodium nitrate. In the lower left portion of the triangle, 
the ten cultures are high in potassium sulphate. In the center of the tri- 
angle there are six cultures in which all three fertilizer ingredients are in 
equal or nearly equal amounts. When the average grain and straw weights 
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Fig. 4. Location of nine best cultures, IB and nine poorest cultures, o. Lata from 

the tables. 

of these various regions or groups are calculated in terms of increase over 
check and then compared, no significant differences are found except in the 
case of cultures in the groups high in K 2 0. The figures of the three groups 
are almost identical. This bears out the observation that the good cultures 
are scattered. When, however, the value of the group high in potassium 
sulphate was calculated, it was found to be considerably lower than the other 

P.o, 

S28 


A 



Fig. 5. A method of grouping by cultures. See text for explanation. 
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three, and showed that the poor cultures were well clustered in one region 
of the triangle. 

The figures for grain yield are : Acid phosphate 16.1 per cent., sodium 
nitrate 17.6 per cent., center of the triangle 17.1 per cent., and potassium 
sulphate 9.6 per cent. The same order was followed when the straw yields 
were taken and calculated in like manner. This method does not give us 
results differing in any appreciable way from the other methods mentioned. 
This is a method that has been used by Harris (2), and in a modified form 
by Woods (15). 
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Fig. 6 . Another method of grouping. 


Finally, in figure 6 there is illustrated another method which, shows that 
the concentration of the three fertilizer ingredients can vary quite a little 
and still not modify the yield to any appreciable extent. This method has 
been suggested by Schreiner and Skinner in the work referred to in the 
earlier part of this paper. In this calculation, the records for the cultures 
at the angle at the top, and that in the angle at the lower right were elimi- 
nated. This method in our opinion is no better than the others already 
discussed when one attempts to interpret the results. 

It seems impossible to ascribe the lack of grouping of the best cultures 
to any other reason than that the plants used are accustomed to a variety 
of salt ratios and do not suffer appreciable differences in yield. 
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Single salt culture 

On referring to table I, the amounts of single fertilizer compounds per 
pot and per acre can be seen. At the end of tables IV and V are given the 
data for grain and straw yields from plants grown in pot cultures contain- 
ing the amounts of the single salts indicated. Taken as a whole, the use of 
single fertilizers does not give as good results in soil cultures as the com- 
bination of three under the conditions of this experiment. Several other 
similar experiments have shown the same results. This had been previously 
shown for water cultures, and is now shown to be true for soil cultures even 
though such soil samples were from a field in high fertility. Of the ten 
single salt cultures, only two reached the value of the high group and these 
were the cultures where nitrogen was used alone. The per cent, gain in 
grain yield over the checks was 24 with an application of 1.696 gram per 
pot or on the basis of 528 pounds per acre ; with an application of 0.848 
gram per pot, equivalent to 264 pounds per acre, the gain was 38 per cent. 
The latter rate of application was better than the former as far as grain 
yield was concerned. The application of nitrogen benefited grain develop- 
ment, but vegetative growth as shown by straw yield did not equal any of 
the best nine cultures in the group containing the three fertilizer ingredi- 
ents. As for Ca(H 2 P0 4 ) 2 the best results obtained with four different rates 
of application was only 9 per cent, better than the cheeks. In this case the 
amount applied was 1.552 gram per pot, equal to 480 pounds per acre. 
The other three applications were at decreasing rates, the results showing 
inferiority to the yields of the controls. The yields of grain and straw when 
K 2 S0 4 was applied at three different rates were either inferior to the con- 
trols, or equal to them, but not better. An application at the rate of 0.536 
gram per pot, or 168 pounds per acre, was detrimental, cutting down the 
yield of both straw and grain. At one-fourth the application the yield was 
subnormal, while at one-half it was about the same as that of the controls. 

Although the best yields are obtained with this soil where the three fer- 
tilizers are mixed, the increased cost of the mixture might make its use 
prohibitive. Only under such conditions would it be advisable to resort to 
the use of a single fertilizer. To determine whether a triple mixture with 
its increased yield over that of a single fertilizer costs less in the long run, 
a regular field experiment should be inaugurated. 

Condition of plants 

For the early period of growth the plants were normal in all respects 
and except for size there were no apparent differences between the cultures. 
The normal plant out in the field averages two or three tillers, while those 
grown in the greenhouse tillered sparingly. This was the only difference 
between the field and the greenhouse cultures. Only sixteen out of the 
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thirty-five different cultures showed tillers and none of these headed out. 
Culture 1, 1, 8, only an average yielder, produced 5 tillers. Only one cul- 
ture (3, 3, 4), and this a poor yielder, possessed 4 tillers. There were four 
cultures that had three tillers each (1, 2, 7 ; 2, 1, 7; 2, 5, 3; and 6, 3, 1). 
All were poor yielders except 2, 5, 3, which was the best. The cultures 
possessing 2 tillers were two in number (2, 6, 2 and 4, 4, 2), merely average 
yielding cultures. There were eight cultures showing one tiller (1, 3, 6; 
1, 5, 4; 1, 8, 1; 2, 4, 4; 3, 4, 3; 3, 6, 1; 5, 4, 1; and 8, 1, 1) varying from 
poor yielding cultures, through medium, to very high yielding ones. Under 
the conditions of this experiment one would not be justified in concluding 
that fertilizer combinations were even contributory agents in the formation 
of tillers. 

On April 11 there was the first appearance of heads in cultures 3, 5, 2 
and 6, 3, 1 . On the 14th, heads appeared on cultures 1 , 8, 1 ; 2 , 1 , 7 ; 1 , 4, 5 ; 
and 8, 1, 1. On the 18th all the cultures with the exception of 1, 2, 7 and 
1, 3, 6 had one or more plants showing heads. At this time out of a pos- 
sible 418 plants there were 157 showing heads (37.5 per cent.). Five days 
later out of a possible 418 plants there were 363 showing heads (approxi- 
mately 80 per cent.). The rest headed out a few days later. In approxi- 
mately two weeks from the first appearance of a head they all headed. 
Blossoming started on April 11th and continued through and slightly be- 
yond the period of heading out. The plants were harvested on the 9th of 
June after a growing period of 174 days. A good idea of the general ap- 
pearance (color excepted) of the plants may be judged from the photo- 
graphs, figures 1 and 2. 

The plant measurements taken at harvest time, but not given here, com- 
prise the following: Height of plant, length of head, and number of heads. 

Transpiration 

All the transpiration data include not only the loss of water from plants 
but also that from the surface soil in the pots. These pot cultures were not 
sealed with wax as is often done for the purpose of eliminating all moisture 
losses from the soil. To obtain an idea of the amount thus lost, two crocks 
of soil without plants were run along with the others as a check. When the 
other cultures received a gravel mulch, these two also received the same. A 
number of experiments showed that the loss of water by evaporation from 
the soil was very small and the water loss from the cultures may be assigned 
to water loss from the plants. Leathers in India (6) and others have also 
found that the water loss from soil was very little and could be neglected 
from calculation, or determined from control pots and the percentages 
calculated. 
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Fig. 7. Mean daily transpiration of all plants throughout the period of growth, plotted 
by weeks, and divided into four periods. 

Transpiration was determined by weight which is more accurate than 
volume determinations. The first weighings were made on December 20th 
and every 3.5 days thereafter until June 3rd. Figure 7 is a curve showing 
the loss of water from soil and plants for the period of December 20 to 
May 30. The entire period of 161 days has been divided into four smaller 
periods of five to six weeks duration for the purposes of comparison. It 
will be observed that the loss at the start is small and this increases grad- 
ually until it reaches a maximum at the latter part of March, just a short 
time before the heading out of the grain, and then it falls off to the last day. 
The curve resembles a growth curve in that there is a grand period of w r ater 
loss like the “ grand period of growth.’ ’ During the heading out period, 
the greatest amount of water is called for, and transpiration is greatest at 
this time. It suggests that transpiration may be a good measure of plant 
growth. Curves for mean daily transpiration and evaporation ratio for 
two- week periods are shown in figure 8. The transpiration data are not 
given. 

Water requirement 

The amount of water loss for each culture for every 3.5 day period was 
determined, but the data are not given here. Since the water requirement 
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Fig. 8. Mean daily transpiration T, in ce. for two-week periods. Mean daily transpira- 

T 

tion -evaporation ratio, jjr, calculated from cc. in two-week periods. 

is the ratio between the amounts of water lost by transpiration and the dry 
weight yield, it may be used as a criterion of growth. The interesting 
feature of the water requirement data is the evidence that the high yielding 
cultures have a lower water requirement than any of the other cultures 
(1, 7, 2; 1, 8, 1; 2, 5, 3; 4, 1, 5; 4, 2, 4; 4, 3, 3; 5, 3, 2; 6, 2,2; and 8, 1,1). 
The highest yielding nine cultures have a water requirement of approxi- 
mately 600 or less, while the remaining cultures are above this. The best 
salt proportions of the fertilizer ingredients apparently give a low water 
requirement, and the poorer salt proportions give the highest. Not only is 
it true that increasing amounts of the fertilizer mixture, up to a certain 
limit, lowers the water requirement, but also a change to the proper ratio 
of the fertilizer ingredient seems to decrease the water requirement. 

The experiment was so planned that the data could be subjected to 
statistical treatment. There were twelve plants in each of the two control 
pots, providing data on 24 plants to be used for comparison with the 12 
plants in each of the other cultures. Student’s method and Bessel’s were 
used in making these comparisons and significant differences were found, 
so that the highest yielding cultures fell in one group and the lowest yield- 
ing cultures fell in another group just as can be shown by the actual results 
of yields, etc. 
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However, this sort of statistical treatment is not necessary in the pres- 
ent work where an explanation of the scattering of the good cultures over 
the triang ular diagram is under consideration. Consequently a discussion 
of these results is omitted. 

Field experiment 

The experiment reported in this section was our first attempt at apply- 
ing a wide range of salt proportions in the held. The three fertilizers com- 
monly used in a complete fertilizer mixture, calcium acid phosphate, sodium 
nitrate, and potassium sulphate, were the compounds or salts used. The 
soil was taken just as it was without a study of its chemical, physical and 
biological characteristics, and treated with the various proportions or com- 
binations of fertilizer salts. The influence of the fertilizer is judged ac- 
cording to the effect it has on the growth of oats taken as the indicator. 
This same general plan has been followed for three successive years follow- 
ing the date of this experiment 

It was expected that many of the details of the method employed would 
have to be changed or modified as experience dictated, and that some meth- 
ods would have to be discarded. The experiment was merely a preliminary 
one and many suggestions for guidance in future work have come out of it. 

There was no special preparation of this small strip of level land, ap- 
proximately 500 feet long and 60 feet wide, which was set aside for this 
experiment. The crop of the preceding year was beans. Early in the fol- 
lowing spring, manure was spread on, and plowed under shortly afterwards. 

It was plowed in the usual way and then the seed bed was prepared for the 
drilling of oats. Worthy oats obtained from the Farm Crops Department 
were first treated with formaldehyde for smut and then planted at the rate 
of six pecks to the acre. Planting was done on May 8th, the rows running 
the long way of the field. The weather was good and the stand excellent. 

A couple of days before the fertilizer was applied, the ground was staked 
out. The plan of series C is shown in fig. 9 ; series B and A, not shown in 
the figure, are continuous towards the east. Each series is separated from 
its neighbor by an alley five feet wide running across the rows. There were 
forty-four plots in each series, each plot being forty feet long and two feet 
wide. Each plot is made up of four rows of plants, the two center ones ,j 
being taken as the experimental rows. The fertilizer was distributed be- 
tween these on June 5th. At this time the plants were six to eight inches 
tall. Several border rows bounded the strip of land on sides and ends. No 
check or fertilizer plot was placed on the dead furrow. Before harvesting, 
the two outer rows in each plot were pulled up and this aided considerably 
in marking off clearly the fertilized and cheek rows so that harvesting 
could be quickly done. The check and fertilized rows were hand cut August 
9th, and the rest machine cut at a later date. 
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Fig, 9 , Arrangement of field plots, series C. Numbers in rectangles show proportions 
of fertilizers. See text for details. 

In fig. 9, the numbers in the rectangular blocks represent the proportions 
of the three salts, distributed on the basis of ten per cent, increments. The 
first number stands for calcium acid phosphate, the second for sodium 
nitrate, and the third for potassium sulphate. The fertilizer mixture for 
plot 5, 2, 3 then contains 5 parts of calcium acid phosphate, 2 parts of 
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TABLE VII 

Quantities of fertilizer, and active ingredients per plot. Total amount of ferti- 
lizer PER PLOT, 2 POUNDS (1089 POUNDS PER ACRE) IN 10 PER CENT. STAGES 


Plot 

■NrTTMPnr.w 

Acid phosphate 
16.5 PEER CENT 

p 2 0 8 

Sodium nitrate 
15.1 per cent. NT 

Potassium sul- 
phate 47.79 

PER CENT. 

k 2 g 

Total active 
ingredients 


Ferti- 

lizer 

Active 

ingre- 

dient 

Ferti- 

lizer 

Active 

ingre- 

dient 

Ferti- 

lizer 

Active 

ingre- 

dient 

P, N } K 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

1,1,8 

91 

15 

91 

14 

726 

347 

376 

1, 2,7 

91 

15 

181 

27 

635 

303 

345 

1,3,6 

91 

15 

272 

41 

544 

260 

316 

1,4,5 

91 

15 

363 

55 

454 

217 

287 

1,5,4 

91 

15 

454 

69 

363 

173 

257 

1,6,3 

91 

15 

544 

82 

272 

129 

226 

1, 7,2 

91 

15 

635 

96 

181 

87 

198 

1, 8,1 

91 

15 

726 

110 

91 

53 

178 

2, 1, 7 

181 

30 

91 

14 

635 

303 

347 

2,2,6 

181 

30 

181 

27 

544 

260 

317 

2,3,5 

181 

30 

272 

41 

454 

217 

288 

2,4,4 

181 

30 

363 

55 

363 

173 

258 

2, 5, 3 

181 

30 

454 

69 

272 

129 

228 

2,6,2 

181 

30 

544 

82 

181 

87 

199 

2,7,1 

181 

30 

635 

96 

91 

53 

179 

3, 1,6 

272 

45 

91 

14 

544 

260 

319 

3,2,5 

272 

45 

181 

27 

454 

217 

289 

3,3,4 

272 

45 

272 

41 

363 

173 

259 

3,4,3 

272 

45 

363 

55 

272 

129 

229 

3,5,2 

• 272 

45 

454 

69 

181 

87 

201 

3, 6,1 

272 

45 

544 

82 

91 

53 

180 

4, 1,5 

363 

60 

91 

14 

454 

217 

291 

4,2,4 

363 

60 

181 

27 

363 

173 

260 

4,3,3 

363 

60 

272 

41 

272 

129 

230 

4,4,2 

363 

60 

363 

55 

181 

87 

202 

4,5,1 

363 

60 

454 

69 

91 

58 

182 

5,1,4 

454 

75 

91 

14 

363 

173 

262 

5,2,3 

454 

75 

181 

27 

272 

129 

231 

5, 3, 2 

454 

75 

■ 272 

41 

181 

87 

203 

5,4,1 

454 

75 

363 

55 

91 

53 

183 

6,1,3 

544 

90 

91 

14 

272 

129 

233 

6, 2,2 

544 

90 

181 

28 

181 

87 

204 

6,3,1 

544 

90 

272 

41 

91 

53 

184 

7, 1,2 

635 

105 

91 

14 

181 

87 

206 

7, 2,1 

635 

105 

181 

27 

91 

53 

185 

8, 1,1 

726 

120 

91 

14 

91 

53 

187 
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sodium nitrate and 3 parts of potassium sulphate. This makes a total of 
ten parts of all the ingredients. The proportions for all the other fertilized 
plots can be determined in like manner. One plot in each of the first 
third, and fourth rows was set aside for single fertilizer applications. 

The application of fertilizer was at the rate of 2 pounds to the plot in 
all cases. The amount of active ingredient was much less since the fertilizer 
contained a filler. The amount of fertilizer and active ingredients per pot 
in grams is found in table VII. It will be noted from this table that the 
individual ingredients vary progressively, but that the total concentration 
of fertilizer in each plot is not the same. In the case of water cultures 
strict attention is given to this feature so that all cultures have the same 
total concentration. In regard to soil plots in the field, the concentration 
cannot be controlled, for it differs at different times under the varying 
climatic and edaphic conditions. 

All these various fertilizer combinations were prepared beforehand and 
put into separate paper sacks, clearly labelled. They were then taken to the 
field and placed on their respective plots to avoid any chances of mistake. 
One person spread the entire set of combinations for the three series, this 
being deemed necessary for uniform distribution. After a little practice 
these various fertilizers can be uniformly spread. A light rain fell the 
evening after the fertilizer was spread. Two days later a heavier rain fell 
and helped considerably to incorporate the fertilizer with the soil. The 
field was kept fairly free from weeds by hoeing. When the plants became 
large enough to shade the growth beneath, weeding became necessary. The 
stand of oats was an excellent one and the climatic conditions were espe- 
cially conducive to good growth during the season. 

Environmental conditions 

Tables follow showing the temperature, rainfall, saturation deficit, and 
sunshine data effective during growth. The data from which these tables 
were made were kindly given us by Mr. D. A. Seeley, of the local Weather 
Bureau. 

In the form usually given the data do not represent exact conditions, 
for the means or averages give an inadequate idea of the influence of the 
various climatic conditions on the plant. Obviously, the intensity and 
duration of the extremes of the various factors play a larger role in the 
plant’s development than if the plant were exposed for a long period at 
some point between the extremes. This may be illustrated in the follow- 
ing manner: There is a certain stage in the life of the oat plant when 
water is needed more than at another time. This is the critical period as 
far as water is concerned. During the first ten days after blossoming the 
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plant should have an abundance of moisture to help fill out the grain and 
bring the head to perfection. If moisture is lacking at this time the result 
is consequently poor grain. In a period like this, abundant moisture is not 
a detriment, but if the temperature is high and the season dry, deleterious 
effects are produced. The present season had no extremes that held for 
long periods. This may be observed by a study of the table. 

In table VIII, the mean daily temperature, sunshine, saturation deficit 
and rainfall are recorded in weekly periods. Temperature is given in de- 
grees F., sunshine in hours, saturation deficit and the rainfall, in inches. 
The conditions are shown graphically in fig. 10. 

TABLE VIII 

Mean daily temperature T, sunshine S, saturation deficit S.D., and rainfall R, 

RECORDED IN WEEKLY PERIODS 


Weekly periods 

Temperature 

Sunshine 

Saturation j 

DEFICIT 

Rainfall 


°F. 

hours 

inches 

inches 

May 8-May 15 

60 

7.8 

0.19 

0.20 

May 16-May 22 

68 

13.4 

0.42 

0.03 

May 23-May 29 

64 

11.0 

0.36 

0.10 

May 30- June 5 

65 

8.6 

0.35 

0.01 

June 6- June 12 

62 

8.8 

0.29 

0.02 

June 13-June 19 .................. 

64 

12.2 

0.44 

0.03 

June 20-June 26 

61 

9.7 

0.42 

0.03 

June 2 7- July 8 

57 

8.0 

0.43 

0.22 

July 4- July 10 

65 

11.2 

0.49 

Trace 

July 11- July 17 

74 

8.8 

0.41 

0.08 

July 18-July 24 

75 

10.8 

0.47 

Trace 

July 25- July 31 

69 

10.6 

0.52 

0.20 

August l~August 7 

78 

11.2 

0.66 | 

'i 

0.01 


The saturation deficit for the week is obtained by averaging the daily 
saturation deficits. The daily saturation deficits are derived from the noon 
temperatures and the vapor pressures for that day. The vapor pressure is 
found in the Weather Bureau psychrometric tables. When the observed 
vapor pressure for any particular day is subtracted from the vapor pressure 
at saturation for that day the saturation deficit is obtained. It is believed 
that this gives a better criterion of the moisture condition of the air than 
relative humidity and for this reason the method has been employed 
( 11 , 8 ). 

Discussion of results 

As is the usual custom, grain yield is taken here as the criterion in de- 
termining the influence of the different salt combinations. When the plants 
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TABLE IX 

Actual yields and relative weights op grain op oats grown in the field prom May 
8th to August 9th. Experiment run in triplicate, A, B , C 


Yield 


Yield 






Ratio to check as unity 

Plot 








number 

A 

B 

C 

A 

B 

C 

Average 


gm. 

gm- 

gm. 





1 , 1 , 8 

1600 

1220 

1675 

1.00 

0.83 

1.03 

0.95 

1 , 2 , 7 


1298 

1490 


0.88 

0.92 

0.90 

1 , 3 , 6 

1325 

1310 

1255 

0,83 

0.87 

0.77 

0.83 

1 , 4 , 5 

1527 

1372 

1285 

0.96 

0.92 

0.79 

0.89 

1 , 5 , 4 

1262 

1255 

1347 

0.79 

0.85 

0.83 

0.82 

1 , 6 , 3 

1235 

1325 

1230 

0.77 

0.90 

0.76 

0.81 

1 , 7 , 2 

1343 

1212 

1650 

0.84 

0.83 

1.01 

0.89 

1 , 8 , 1 

1200 

1635 

1395 

0.75 

1.10 

0.86 

0.90 

2 , 1 , 7 

1410 

1590 

1217 

0.88 

1.07 

0.75 

0.90 

2 , 2 , 6 

2050 


1395 

1.29 


0.86 

1.07 

2 , 3 , 5 

2100 

1235 

1397 

1.32 

0.84 

0.81 

0.99 

2 , 4 , 4 

1625 

1390 


1.02 

0.94 


0.98 

2 , 5 , 3 

1450 

1368 

1898 

0.91 

0.92 

1.17 

1.00 

2 , 6 , 2 

1675 

1050 

1300 

1.05 

0.71 

0.60 

0.85 

2 , 7 , 1 

1637 

1387 

1180 

1.03 

0.94 

0.73 

0.90 

3 , 1 , 6 

1530 

1245 

1312 

0.96 

0.78 

0.79 

0.84 

3 , 2 , 5 

1300 

1530 

1778 

0.84 

1.03 

1.09 

0.98 

3 , 3 , 4 

1425 

130*0 

1972 

0.90 

0.89 

1.21 

1.00 

3 , 4 , 3 

1720 

1795 

1805 

1.08 

1.21 

1.11 

1.13 

3 , 5 , 2 

1765 

1400 

1512 

1.11 ! 

0.94 

0.93 

0.99 

3 , 6 , 1 

1520 : 

1497 

1367 

0.96 

1.01 

0.84 

0.93 

4 , 1 , 5 

1857 

1612 

1650 

1.16 

1.09 

1.01 

1.09 

4 , 2 , 4 

1475 

2075 

1775 

0.93 

1.39 

1.09 

1.13 

4 , 3 , 3 

1630 

1435 

1702 

1.03 

0.97 

1.04 

1.01 

4 , 4 , 2 

1712 

1710 

1527 

1.08 

1.15 

0.94 

1,06 

4 , 5 , 1 

1307 

150*0 

1835 

0.82 

1.01 

1.13 

0.98 

5 , 1 , 4 

1952 

1542 

1627 

1.23 

1.02 

1.00 : 

1.08 

5 , 2 , 3 

1032 

1 1645 

213*5 

0.65 

1.11 

1.31 

1.02 

5 , 3 , 2 

1713 

1450 

2263 

1.07 

0.98 

1.39 

1.14 

5 , 4 , 1 

| 1785 

1740 

2188 

1.12 

1.17 

1.34 1 

1.21 

6 , 1 , 3 

! 2020 

1690 

2182 

1.27 

1.14 

1.34 

1.25 

6 , 2 , 2 

! 1280 

1258 

2232 

0.84 

0.85 

1.37 

1.02 

6 , 3 , 1 

1853 

1452 

2180 

1.16 

0.98 

1.34 

1.16 

7 , 1 , 2 

1970 

1635 

2235 

1.24 

1.10 

1.37 

1.24 

7 , 2 , 1 

1342 

1540 

2250 

0.84 

1.02 

1.38 

1.05 

8 , 1 , 1 

1952 

1637 

2132 

1.29 

1.10 

1.31 

1.23 


Average of 8 controls Series A , 1589 ; B , 1477 ; C , 1622 . 
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on each plot were harvested, they were tied together in a bundle and allowed 
to dry. Later they were thrashed in a small machine by hand. These 
grain weights given in the table are not to be considered as absolutely cor- 
rect since there are losses in the field by shattering, by birds, by transporta- 
tion and by thrashing. These losses are comparatively small and perhaps 
uniform with all bundles. 

The figures above the rectangles in fig. 9 represent the actual yields in 
grams, the first one to the left end of the first rectangle and the second to 
the right end of the second rectangle, and so on, arbitrarily arranged in 
this way to avoid crowding. The figures under the rectangles represent 
the normal yields calculated from the tw T o nearest checks on the assumption 
that the fertility of the soil undergoes a gradual change from one check 
plot to the next. The yields of the fertilized plots between two checks were 
thus corrected. The yields of the fertilized plots beyond the checks to the 
end of the experimental strip were calculated in the same way, using the 
nearest check and the highest or lowest yielding plot as the ease might be, 
when the fertility of the intervening space increased or decreased. 

The actual yields and the relative weights of grain for the three series 
are given in table IX. In columns 5, 6, and 7 the relative yields are given 
in ratios, taking the values of the control as unity. In series A, all the 
checks averaged 1589 grams; in series B 1477 grams; and in series C, 1622 
grams. In the last column, the average of all three series is given. The 
normal yields and relative weight of grain for series A, B, and C are given 
in table X, The ratios of fertilizer plots to check plots, with check as unity, 
are also given for the three series. The good and bad yields are repre- 
sented on the triangular diagram as shown in fig. 11. 

A study of the tables and figures reveals the fact that the plots in series 
C as a whole showed the highest yields. Series A followed next, and then 
series B. A study of each series showed that as far as high and low yields 
were concerned there was some similarity. When the data were arranged 
in the triangular diagram, the high yielding plots were for the most part 
found in the upper part of the triangle, and the low yielding cultures in 
the lower part of the triangle. In this respect, the data in Series A and C 
were more striking than in series B. When an average of the three series 
was taken, the best yielding cultures were with one exception in the upper 
angle above the 40 per cent. line. Furthermore, the yields were increas- 
ingly heavier as the cultures approach the upper angle. The poorest cul- 
tures are for the most part found in the lower part of the triangle in the 
10 per cent. line. Consequently, it is apparent that plots high or moder- 
ately high in calcium acid phosphate give the highest yields while those low 
in acid phosphate give the lowest yields. The ill effects of too much K 2 S0 4 
in the fertilizer is apparent from a consideration of the tables. The cultures 
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TABLE X 

Normal yield and relative weights op oats in the field from May 8th to August 
9th. Experiment run in triplicate, A, B, 0 


Yield 

Yield 





Ratio to check as unity 

Plot 

number 

A 

B 

C 

A 

B 

c 

Average 

1, 1, s 

g’m. 

1425 

gm. 

1220 

gm. 

1675 

0.90 

0.83 

1.03 

0.92 

1, 2, 7 


1289 

1460 


0.87 

0.90 

0.88 

1, 3, 6 

1325 

1288 

1370 

0.83 

0.87 

0.84 

0.85 

1, 4, 5 

1547 

1288 

1294 

0.97 

0.87 

0.80 

0.88 

1, 5, 4 

1794 

1287 

1308 

1.12 

0.87 

0.81 

0.93 

1, 6, 3 

1839 

1386 

1322 

1.16 

0.87 

0.81 

0.95 

1, 7, 2 

1636 

1361 

1336 

1.03 

0.92 

0.82 

0.92 

1, 8, 1 

1433 

1437 

1350 

0.90 

0.97 

0.83 

0.90 

2, 1, 7 

1410 

1590 

1364 

0.89 

1.10 

0.84 

0.94 

2, 2, 6 

2050 

1400 

1390 

1.29 

0.85 

0.86 

1.03 

2, 3, 5 

2100 

1380 

1422 

1.32 

0.93 

0.88 

1.04 

2, 4, 4 

1719 

1360 

1466 

1.08 

0.91 

0.90 

0.96 

2, 5, 3 

1528 

1340 

1488 

0.96 

0.91 

0.92 

0.93 

2, 6, 2 

1377 

1320 

1502 

0.87 

0.90 

0.93 

0.90 

2, 7, 1 

1417 

1387 

1504 

0.89 

0.94 

0.93 

0.92 

3, 1, 6 

1457 

1348 

1506 

0.92 

0.99 

0.93 

0.95 

3, 2, 5 

1497 

1530 

1508 

0.94 

1.03 

0.93 

0.96 

3, 3, 4 

1538 

1300 

1672 

0.97 

0.88 

1.03 

0.96 

3, 4, 3 

1720 

1795 

1805 

1.08 

1.21 

1.11 

1.13 

3, 5, 2 

1650 

1673 

1704 

1.04 

1.13 

1.05 

1.07 

3, 6, 1 

1600 

1756 

1602 

1.00 

1.18 

0.99 

1.05 

4, 1, 5 

1560 

1839 

1572 

0.98 

1.24 

0.97 

1.06 

4, 2, 4 

1569 

2065 

1644 

0.98 

1.39 

1.01 

1.12 

4, 3, 3 

1579 

1888 

1716 

0.98 

1.27 

1.05 

1.10 

4, 4, 2 

1588 

1710 

1788 

1.00 

1.15 

I'.IO 

1.09 

4, 5, 1 

1598 

1500 

1835 

1.00 

1.01 

1.13 

1.04 

5, 1, 4 

1952 

1542 

1627 

1.23 

1.04 

1.00 

1.09 

5, 2, 3 

1363 

1645 

2135 

0.87 

1.11 

1.32 

1.10 

5, 3, 2 

1713 

1450 

2263 

1.08 

0.99 

1.39 

1.15 

5, 4, 1 

2025 

1503 

1998 

1.28 

1.01 

1.23 

1.17 

6, 1, 3 

1987 

1580 

1981 

1.25 

1.07 

1.22 

1.18 

6, 6, 2 

1949 

1603 

1964 

1.23 

1.08 

1.20 

1.17 

6, 3, 1 

1911 

1626 

1947 

1.20 

1.10 

1.17 

1.15 

7, 1, 2 

1873 

1635 

2235 

1.28 

1.11 

1.37 

1.22 

7, 2, 1 

1874 

1600 

2250 

1.18 

1.08 

1.38 

1.21 

8, 1, 1 

1952 

1637 

2132 

1.23 

1.10 

1.32 

1.21 


Average of eight checks A, 1589; B, 1477; 0, 1622. 
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where high concentrations of this salt are found show lowest yields. The 
grouping, however, is not ideal except in series C. This is the state of 
affairs when actual yields are considered. 



Fig. 11. High and low yielding cultures when normal yields are taken. The best cul 
tures, 11 ; the poorest cultures, o. 

When normal yields were considered, better grouping of high yielding 
cultures was obtained with one exception, plot 3, 4, 3. Low yielding cul- 
tures are at the low T er side of the triangle where acid phosphate is low in 
concentration. 

For the particular soil and for the climatic and edaphic conditions under 
which the experiment was performed, the data showed that best growth was 
obtained where cultures were high in calcium acid phosphate and poor 
growth followed where low concentrations of calcium phosphate were used. 
This is in agreement with the general observation that cereals do best with 
comparatively high applications of acid phosphate. 

The result of this experiment conducted in the field gave better proof 
of the need of a narrow range of ratios than the one conducted in the green- 
house. A single experiment like this, however, does not give one the needed 
proof that it is generally true, although it may look so. The experiment 
was not repeated the following year, the land having passed out of our 
hands. It is not known, therefore, whether the same results could have 
been obtained with repetition on the same field. Our chief concern was 
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to determine whether there was any need of a narrow range of ratios on a 
single soil type, during a single season. 

Since the above experiment was completed, three other similar ones were 
conducted in different fields for the growing season of three successive years, 
1919, 1920, and 1921. The high yields were not grouped together, nor were 
the low yields centered in any particular region. Thus, different types of 
soils have been tested during the four different seasons in an attempt to dis- 
cover whether there is a definite grouping in response to salt ratios. Al- 
though tendencies indicating grouping were evident at times, one is not 
justified in concluding that for general practice any definite ratios are re- 
quired. In fact, a rather wide range of ratios proved equally good. In- 
creasing the application of active ingredients from 100 pounds to 160 pounds 
per acre, and running the experiment in duplicate did not change the gen- 
eral results. Decreasing the total amount of active ingredient brought no 
change in the general result. Three acres of corn on a farm near Clio, 
Michigan, yielded no better results. If one had carried on the experiment 
in the same field, year after year, the fertility might have been built up and 
the yields per plot greatly altered, but this is another type of experiment 
in itself, and one that was not attempted. 

A more detailed account of the various experiments mentioned above 
is unnecessary. The results are of such a nature as to indicate that mineral 
salt ratios for good development of oats and other crops are not sharply 
defined in soil cultures. It seems improbable that such experiments will 
contribute much to the development of a rational fertilizer practice. 

Summary 

This paper presents the results of an experimental study of the theory 
of physiological balance in soil cultures. The method of attack is that sug- 
gested in 1910 for water culture investigations by Schreiner and Skinner 
and further developed by B. E. Livingston and his collaborators ; in short 
it is the well known triangular system for determining the best salt ratio 
or combination for plant growth. The first section of the paper deals with 
the growth of Marquis wheat in soil in 2-gallon glazed pots. This experi- 
ment was conducted in the greenhouse during the period from December 
16, 1918, to June 9, 1919. The plants were grown to maturity. The sec- 
ond section deals with the growth of Worthy oats in the field, during the 
period from May 8, 1918, to August 9, 1918. These plants also were grown 
to maturity. 

In both experiments the soil was treated with all the possible combina- 
tions of the three ingredients in the fertilizer mixture when these were 
made arbitrarily to vary by increments of ten per cent. Consequently 
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there were thirty-six different ratios or combinations. The salts or fertilizer 
ingredients for both experiments were taken from the same supply and 
consisted of calcium acid phosphate, potassium sulphate, and sodium nitrate. 
The soil for the experiment reported in the first section of this paper was 
taken from the surface at different places scattered over the field, in which 
was conducted the experiment described in the second section. 

In the greenhouse experiment each pot, and in the field experiment each 
row, represented a single fertilizer ratio or combination. Besides these 
•-ratios of the three salts, there were in both experiments single fertilizer 
applications for the purpose of comparison. In each experiment there were 
several control cultures. 

The experiment in the field was run in triplicate. Each series, sepa- 
rated by alleys five feet in width, was made up of plots forty feet by two 
feet. Each plot contained four rows of plants, the two center ro-ws receiv- 
ing the fertilizer application broadcasted between them, when the plants 
had reached an average height of six to eight inches. In each series there 
were eight check rows scattered among the plots. 

Certain observations were made on the environmental conditions sur- 
rounding the plants in both experiments. The importance of these obser- 
vations is emphasized. The data collected were subjected to statistical 
analysis. This field experiment was preliminary in nature and the fore- 
runner of three other series, one for each of the growing seasons of 1919, 
1920, and 1921. The main conclusions of this study can be briefly stated. 

The data, along with other unpublished data, suggest that nothing can 
be gained by attempting, through the use of the triangular system of fer- 
tilizer ratios, to find a definite ratio of salts, or in other words a physiological 
balance in soil cultures. The evidence does not indicate that we are justified 
in drawing any other conclusion than that for cereals, such as wheat, oats, 
and corn, the yields may be quite identical under somewhat wide variations 
of fertilizer ratios. 

The many factors that were suggested as possible agents in producing 
the negative results were considered, but no satisfactory explanation has 
been found. It is suggested that the crops tested have been for genera- 
tions so modified by domestication that they have become accustomed to wide 
variations in environmental conditions and for that reason are not suitable 
indicators for studies of this kind. Results might have been different with 
some wild variety raised in a restricted environment. It is quite apparent 
from knowledge already acquired that different proportions of the essential 
elements are required for the different phases of growth. These proportions 
probably vary also from week to week through the life of the plant, chiefly 
because there is a variation in the salt content of all ordinary soils. The 
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writer is convinced that a rather wide range of salt ratios can be used with- 
out causing appreciable differences in yields. 

Under the conditions of these experiments the use of single fertilizer in- 
gredients does not give as good results in soil cultures as a combination of 
three. Other experiments not only in soil cultures but in water cultures 
agree with and emphasize this conclusion. Only under conditions where 
the price for a mixture of the three fertilizer ingredients is prohibitive would 
the use of single fertilizers be advisable. 

Michigan State College, 

East Lansing, Michigan. 
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ON THE PASSAGE OP BORIC ACID AND CERTAIN SALTS INTO 
FRUITS AND VEGETABLES 

Louis Kahlenberg and Ralph Traxler 

Introduction 

In a previous paper 1 Kahlenberg showed that boric acid passes through 
the living human skin by osmosis. This work suggested that boric acid 
might similarly pass into fruits and vegetables immersed in solutions of the 
acid. Experiments were not confined to boric acid alone, but a number of 
salts were tested to see if they would permeate the integuments of the same 
fruits and vegetables. The salts chosen for this purpose were Li 2 S0 4 , LiCl, 
LiN0 3 , Na 2 B 4 0 7 , Li 2 B 4 0 7 , KI, BaCl 2 , and SrCl 2 . In a few instances still 
other salts were employed which will be mentioned in connection with the 
specific experiments to be described. The fruits and vegetables tested were 
cherries, strawberries, plums, gooseberries, grapes, tomatoes, cucumbers, 
carrots, peaches, and apples. 

The method of experimentation was quite simple. It consisted of sus- 
pending the fruit in a solution of known strength of each of the substances 
mentioned, and then after a measured time determining whether any of the 
dissolved substance had entered the fruit. All of the substances used were 
chemically pure and they were dissolved in carefully distilled water. Usu- 
ally the solution contained one-tenth of a gram molecule of the substance 
per liter, though in some cases saturated solutions were employed. The 
analysis of the fruit at the conclusion of the experiment was generally read- 
ily effected. Boric acid and borates could 'easily be detected by the turmeric 
test, and the spectroscope was used to detect lithium and strontium. Barium 
was detected by means of sulphuric acid, and iodine by the starch test. 
Before making the analysis the fruit was, of course, in each case very care- 
fully washed with distilled water. 

All of the fruits used were chosen with great care, and any fruits that 
showed imperfections were discarded. The experiments were conducted at 
least in triplicate in each ease so as to guard against the possibility of error 
due to individual peculiarities of the fruit used. Moreover, the fruits 
employed were perfectly sound and had not been subjected to cold storage 
treatment except in a few cases where fruits which had been in cold storage 
were purposely employed to determine what effect such cold storage would 
have. In every case blank tests were made on the untreated fruit. 

Before immersing fruits in the solutions, they were carefully washed 
i Kahlenberg, Louis, Jour. Biol. Chem. 62: 149-156. 1924. 
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with distilled water and gently dried with a soft clean cloth. In a few in- 
stances the fruits were washed with alcohol, ether, chloroform, benzol, ace- 
tone, carbon bisulphide, etc., to remove the outer waxy coat before introduc- 
ing the fruit into the solution. The results of these special experiments will 
be given later. 

In immersing the various fruits special care was taken not to have either 
the stem ends or blossom ends dip into the liquids. All experiments were 
performed at room temperatures, about 20° C. 

Results of experiments 

Cherries. — The experiments with cherries were done with unripe sour 
cherries, with ripe sour cherries, and with ripe black California cherries. 
The unripe sour cherries were picked in the orchard of the Agricultural 
College of the University of Wisconsin at a time when the fruit was just 
beginning to turn white. The fruit was picked so that two cherries were 
connected by their stems. Each such pair was then hung over a small stick 
placed across the top of a crystallizing dish 10 cm. in diameter. Not over 
30 minutes elapsed between the time of picking and of placing in the solu- 
tion. The results are as follows: In 5.5 hours saturated H 3 B0 3 solution, 
0.1 molar LiCl, 0.1 molar LiN0 3 , and 0.1 molar Li 2 S0 4 passed into the 
cherries in detectable quantities. These amounts were greatly increased in 
22 and 30 hours, respectively. A 0.1 molar solution of Na 2 B 4 Q 7 passed into 
the cherries very slightly in 5.5 hours, but after 22 and 30 hours quite 
notable amounts were present in the fruit. It took 22 hours before 0.1 
molar H 3 B0 3 was found in the cherries in detectable quantity. Similarly, 
a saturated solution of Li 2 B 4 G 7 did not enter the fruit in notable amounts 
until after 22 hours. Even at that time, the tests for lithium and boron 
in the cherries were but slight In 0.1 molar Li 2 SG 4 they burst after 22 
hours 5 immersion. 

Similar experiments made with ripe sour cherries from the same trees 
yielded the following results : From a saturated solution, boric acid did not 
pass into the fruit until after it had been immersed for 21 hours. Similarly, 
it required 22 hours for lithium to make its appearance in the cherries from 
0.1 molar solutions of LiCl, LiNO s , and Li 2 S0 4 . From 0.1 molar H 3 B0 3 it 
required 30 hours before the boric acid could be detected, while from 0.01 
molar Li 2 B 4 0 7 but mere traces of lithium and boron were found in them 
after 53 hours. A 0.1 molar solution of BaCl 2 did not enter in detectable 
quantities until 52 hours had elapsed, while 0.1 molar SrCl 2 did not enter 
at all. 

The leaves adjacent to the growing cherries were immersed in each of the 
solutions above mentioned in order to ascertain whether any of the dissolved 
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substances would thus pass into the fruit. These experiments were run 
from 5 to 70 hours, but in no case was even a trace of boric acid or the vari- 
ous salts found in the cherries. 

California cherries were treated in the same manner as the sour cherries. 
The identical solutions already mentioned were used throughout. In addi- 
tion, however, 0.1 molar solutions of each of the following were also em- 
ployed: Sodium acetate, CdBr 2 , NaF, KC1, NaCl, urea, Na 2 S0 4 , K 2 S0 4 , 
HC1, HNO a , acetic acid, and distilled water. In most of these cases the cher- 
ries burst, the only exceptions being in the solutions of BaCl 2 , SrCl 2 , CdBr 2 , 
and saturated solution of Na 2 S0 4 . In these latter eases no effect whatever 
was noted, though the experiments with BaCl 2 and SrCl 2 were continued for 
54 hours and that with CdBr 2 for 150 hours. The saturated solution of 
Na 2 S0 4 was used for 10 hours. All experiments were run at least in tripli- 
cate and continued till the cherries burst or clearly showed signs of decay. 
The bursting occurred at somewhat different times in the various solutions 
but generally in from 4 to 16 hours. The cherries were tested before they 
had actually burst, but in no case had any of the substances entered into 
them in detectable amounts before the bursting occurred. 

The California cherries were bought at a fruit store in Madison. They 
had been shipped in refrigerator cars. The fruit was dark red, firm, and 
apparently in excellent condition. Immersed in distilled water, these cher- 
ries burst in from 4 to 5 hours. In the various solutions, the bursting did 
not occur until the fruit had been immersed somewhat longer, except that 
in 0.1 molar Na 2 S0 4 the bursting occurred in 2 hours and in 0.05 molar 
H 2 S0 4 , HC1, and HNO s the bursting occurred in about 15 minutes. 

Strawberries. — Fresh ripe strawberries were obtained from the beds of 
the Agricultural College. Due to unfavorable weather, the crop was small 
and for this reason but few experiments were made. Berries that had been 
shipped in were found to be unsuitable because they were all somewhat 
bruised. 

Tiny hammocks of cheesecloth were suspended in the solutions, and the 
strawberries were placed in these hammocks in such a manner that the fruit 
was about half immersed in the solutions. The solutions consisted of satu- 
rated H 3 B0 3 , saturated Li 2 B 4 0 7 , and 0.1 molar Na 2 B 4 0 7 , H 3 B0 3 , LiNO a , 
Li 2 S0 4 , and LiCl. In each of these cases the substances had passed into the 
strawberries in detectable amounts at the end of 5 hours. It was observed 
that the Li 2 S0 4 passed into the strawberries in copious quantities as com- 
pared with the other substances used. 

Plums. — The plums used in the experiments were : California blue “Dia- 
mond” plums, California yellow plums, and red “Miner” plums grown near 
Madison. The California plums were purchased at a local fruit store. 
They were in excellent condition and had probably been exposed to refrig- 
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eration in shipment. The blue plums were large, measuring 4 or 5 cm. in 
diameter, and the yellow ones were of about the same size. The blue and 
red plums were immersed in the following solutions, all experiments being 
done in triplicate at least: Saturated H 3 B0 3 , saturated Li 2 B 4 0 7 , and 0.1 
molar H 3 B0 3 , LiCl, Li 2 S0 4 , LiN0 3 , Na 2 B 4 0 7 , SrCl 2 , and KI. The plums 
burst in 0.1 molar H 3 B0 3 after 72 hours, in 0.1 molar LiN0 3 in 46 hours 
and 0.1 molar KC1 in 44 hours. In saturated II 3 B0 3 solution some of them 
burst in 36 hours. Li 2 S0 4 penetrated the fruit more rapidly than any other 
salt. The other substances followed in the following order: LiN0 3 , LiCl, 
Li 2 B 4 0 7 , saturated H 3 B0 3 , Na 2 B 4 0 7 , KC1, BaCl 2 , SrCl 2 * In fact only after 
46 hours was it possible to detect H 3 B0 3 in the plums from the saturated 
solution. No H 3 B0 3 passed into the plums from the 0.1 molar solution, this 
experiment coming to an end in 72 hours when the plums burst. The 
Na 2 B 4 0 7 did not enter until 72 hours had elapsed. From the Li 2 B 4 0 7 solu- 
tion some of the salt had passed into the fruit at the end of 27 hours, it 
being possible to get a spectroscopic test for lithium, but not a turmeric test 
for boron, which is not surprising since the latter test is less sensitive. 

In no case did SrCl 2 , BaCl 2 or KC1 enter. In SrCl 2 the plums w r ere im- 
mersed for 72 hours,- in BaCl 2 for 96 hours; and in KOI for 44 hours, when 
the fruit burst. 

Only a limited supply of yellow plums could be obtained, hence only a 
few experiments could be conducted with them. Here again, it was ob- 
served that neither SrCl 2 nor BaCl 2 entered the plums, though the experi- 
ments were run for 77 hours. After immersion in saturated H 3 B0 3 solu- 
tion for 48 hours, the boric acid had entered. In 0.1 molar II 3 B0 3 the 
plums burst badly in 36 hours.. The same occurred in 48 hours in 0.01 
molar Li 2 S0 4 and LiNO s entered the plums in notable amounts after 48 
hours, while during that time Na 2 B 4 0 7 had entered in but mere traces. 

The red plums had just been picked and had not been exposed to refrig- 
eration. They were from 2 to 2.5 cm. in diameter, had red skins and a deep 
yellow pulp. The experiments clearly showed that these plums were much 
more permeable to the substances used than the yellow and blue California 
plums. 

Immersed in 0.1 molar H 3 B0 3 these plums burst in every case before 
any of the acid could be detected in them. The SrCl 2 again did not enter 
the plums even after 130 hours. A few of them burst in this solution at 
the end of 7 and 26 hours, though most of them did not burst. BaCl 2 was 
found in traces after 72 hours and in notable amounts after 144 hours." KI 
entered the fruit in notable amounts in 22 hours. Li 2 S0 4 passed into the 
plums rapidly, notable quantities being present in 22 hours. However, in 
this solution some of them burst very badly, even at the end of 3 hours. 
From 0.1 molar solution H 3 B0 3 did not enter. In one case the fruit burst 
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in 22 hours. A 0.1 molar solution of Na 2 B 4 0 7 entered the plums, in notable 
quantities in 45 hours, but only an extremely faint test was obtained at the 
end of 22 hours. Saturated Li 2 B 4 0 7 entered in 22 hours in clearly detect- 
able quantities. One of the plums burst in the solution at the end of that 
time. A 0.1 molar LiCl solution passed into the plum in 8 hours, although 
the test was quite faint; but in 22 hours notable amounts were found in 
them. Some of the fruit had burst at the end of that time. The LiNO s 
entered the plums a little more rapidly than the LiCl. 

Experiments were made with the red Miner plums to see whether the 
fruit changed in weight while immersed in the solutions already mentioned. 
These experiments were commonly conducted for 4 hours, though in a few 
cases they were continued for 72 hours. As a rule the plums showed, if 
anything, a few hundredths of a gram diminution in weight; but the 
changes were so slight that they were almost within the limits of experi- 
mental error. It is consequently deemed unnecessary to recount all the 
weighings in tabular form here. 

Gooseberries. — The gooseberries were large perfect fruits freshly picked 
from the garden. Not more than 30 minutes elapsed between the time of 
picking and their immersion in the solution. Here again neither SrCl 2 
nor BaCl 2 entered the fruit though the experiments were conducted for 192 
hours. KC1 also found great difficulty in making its way into these berries, 
mere traces being found to have entered after 120 hours. Na 2 B 4 0 7 also did 
not pass into the berries for 144 hours, but at the end of 168 hours traces 
made their appearance in the fruit. H 3 B0 3 did not enter from the satu- 
rated solution until after 120 hours. From 0.1 molar II 3 B0 3 the acid en- 
tered in traces after 168 hours, but from 0.01 molar H 3 B0 3 none of the acid 
entered the fruit. On the other hand, from 0.01 molar Li 2 B 4 0 7 lithium 
entered the berries in 96 hours and both boron and lithium were plainly 
detectable after 144 hours. 0.1 molar LiCl readily entered the fruit in 25 
hours. One of the berries burst in this solution in 12 hours. The LiN0 3 
did not make its appearance in the berries until after 48 hours. On the 
other hand, Li 2 S0 4 entered in notable quantities in 48 hours. In this case 
Li 2 S0 4 passed into the fruit more slowly than LiCl. 

Grapes. — Red California grapes, and red, white, and blue Wisconsin 
grapes were used in these experiments. The California grapes which had 
been shipped to Madison in refrigerator cars were purchased locally. Each 
grape was 1.5 cm. in diameter. The Wisconsin red and white grapes were 
obtained from the vineyards of the Agricultural College. The blue Wis- 
consin grapes were the so-called ■ 4 Canton” grapes. They were grown in 
Madison. In each ease from 1 to 2 cm. of the stem was left on the grape 
to be tested. By means of a thread attached to these stems the grapes were 
suspended in the various solutions. 
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In the ease of the California grapes neither 0.1 molar SrCl 2 , 0.1 molar 
BaCl 2 , nor 0.1 molar H 3 B0 3 entered the grapes, though the experiments 
were conducted for 72 hours, and in the case of the SrCl 2 for 96 hours. In 
the H 3 B0 3 the experiments were continued for 144 hours. In a saturated 
H 3 B0 3 solution it took 30 hours for H 3 B0 3 to show its presence in de- 
tectable quantity in the fruit. The amount increased steadily up to 66 
hours, when the experiment was discontinued. From 0.1 molar Na 2 B 4 0 7 
the salt passed into them in detectable amount in 48 hours. Very material 
quantities of Na 2 B 4 0 7 were found in 144 hours. Immersed in saturated 
solution of Li 2 B 4 0 7 , the grapes showed a faint spectroscopic test for lithium 
in 96 hours. This amount increased slightly up to 156 hours when the 
experiment was discontinued. However, even at this time not enough of 
the Li 2 B 4 0 7 had entered to yield the turmeric test for boron. It took 48 
hours for lithium to pass into the grapes from 0.1 molar Li 2 S0 4 solution. 
Curiously, even at the end of 96 hours the amount of lithium which had 
passed into the grape was exceedingly small, being only such traces as could 
be detected by the spectroscope. From 0.1 molar LiN0 3 , lithium passed 
into the grapes in detectable amounts in 18 hours, and the quantity in- 
creased slightly but steadily up to 68 hours, the duration of the experiment. 
The grapes immersed in 0.1 molar LiCl exhibited spectroscopic traces of 
lithium after 24 hours, and the amounts increased notably in 66 hours. The 
KI entered the grapes from 0.1 molar solution in 18 hours, and the amount 
continued to increase up to 30 hours when the experiment was stopped. 

Occasionally one of the grapes burst during the experiments, but these 
instances were so few and occurred so irregularly that they were no doubt 
due to individual differences. 

Neither H 3 B0 3 , Na 2 B 4 0 7 , Li 2 B 4 0 7 , KI, SrCl 2 , nor BaCl 2 entered the 
"Wisconsin red grapes, although the experiments were prolonged to 196 hours 
and in some eases to 264 hours. From 0.1 molar Li 2 S0 4 lithium was found 
in the grapes in 48 hours, and from 0.1 molar LiCl in 72 hours. 

The white Wisconsin grapes were the Martha variety. They were found 
to be impermeable to all the solutions above mentioned, although the experi- 
ments were conducted for 120 hours and in some cases even over 300 hours. 
In fact the experiments were run up to the time when the grapes began to 
show decay. 

Unripe grapes of the same Martha variety were similarly tested. The 
grapes were picked before any of the fruit on the vines had started to ripen. 
It was found that these unripe grapes were more permeable than the ripe 
ones. To be sure, in this case too, neither 0.1 molar BaCl 2 nor SrCl 2 , 
Na 2 B 4 0 7 , H3BO3 nor KI entered the grapes even after immersion for 144 
hours. The boric acid also did not pass into the grapes from saturated 
solution in 144 hours. In some cases the experiments were conducted for 
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268 hours when the grapes began to show signs of deterioration. On the 
other hand, lithium entered these unripe grapes from 0.1 molar Li 2 S0 4 and 
LiCl in 74 hours; from 0.1 molar LiNO s , it passed into them in detectable 
quantity in 34 hours; and from 0.01 molar Li 2 B 4 0 7 in 144 hours. 

The blue Wisconsin grapes known as the Canton grape were rather 
small, averaging about 1 cm. in diameter. They were carefully picked and 
at once tested in the laboratory. It was found that neither H 3 B0 3 , 
Na 2 B 4 0 7 , LiCl, Li 2 S0 4 nor KI entered the grapes, though the experiments 
were prolonged up to 240 hours. 

The same Canton grapes were exposed to refrigeration, being kept in the 
ice compartment of a refrigerator for 76 hours. The fruit was placed in a 
box lined with cotton and did not come into direct contact with the ice. 
It was not frozen, although it had been chilled for 76 hours. The results 
of the osmotic experiments with these grapes were precisely the same as 
those with the grapes that had not been chilled. 

Some of these Canton grapes were exposed to ultra-violet light from an 
Hanovia lamp for 2 hours, the grapes being placed about 16 inches from the 
lamp. The osmotic results with fruit which had been thus irradiated were 
the same as those with the untreated grapes. 

Tomatoes. — Ripe tomatoes grown near Madison were carefully picked 
and at once immersed in the various solutions. After 6 hours, H 3 B0 3 was 
found in the tomatoes which dipped into the saturated solution. It re- 
quired 96 hours to get a faint turmeric test for H 3 B0 3 in the tomatoes im- 
mersed in 0.1 molar H 3 B0 3 solution; but in 72 hours 0.1 molar Na 2 B 4 0 7 
entered them in detectable quantities. Lithium entered from saturated 
Li 2 B 4 0 7 solution in 36 hours, from 0.1 molar LiCl in 12 hours, from 0.1 
molar Li 2 S0 4 in 36 hours, and from 0.1 molar LiNO s in 6 hours. From 0.1 
molar KI the salt entered in 6 hours. Barium was found in the tomatoes 
immersed in 0.1 molar BaCl 2 solution in 144 hours, but not a trace of stron- 
tium from 0.1 molar SrCl 2 oven after 144 hours. Green tomatoes of the 
same variety were used. They varied from 6 to 8 cm. in diameter. Here 
again it was found that the green fruit offered less resistance to the solution 
than did the ripe fruit. In 6 hours H 3 B0 3 passed into them from a satu- 
rated solution, though it required 36 hours to obtain even a faint test for 
boric acid in tomatoes immersed in 0.1 molar solution. A 0.1 molar solu- 
tion of Na 2 B 4 0 7 entered the tomatoes in 36 hours. Saturated Li 2 B 4 0 7 
penetrated them in 36 hours, in traces. Lithium passed into these green 
tomatoes from 0.1 molar Li 2 S0 4 in 48 hours, from 0.1 molar LiN0 3 in 36 
hours, from 0.1 molar LiCl in 36 hours. The 0.1 molar KI entered in 6 
hours but neither BaCl 2 nor SrCl 2 passed into the green tomatoes in 120 
hours, the duration of the experiment. 

Cucumbers. — White spine cucumbers 7 to 10 cm. long and freshly picked 
were used in these experiments. All of the salts above mentioned entered 
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these encumbers in notable quantities in from 16 to 20 hours except SrCl 2 
which required 48 hours to make its appearance. 

Carrots. — The carrots, obtained from the College of Agriculture, were 
grown in soft, loose soil from which they were carefully removed with- 
out undue laceration of the rootlets. All of the substances mentioned 
entered the carrots in from 4 to 10 hours, except 0.1 molar H 3 B0 3 
which required 23 hours, 0.1 molar SrCl 2 36 hours, and 0.1 molar BaCl 2 24 
hours. It was, of course, probable that the substances permeated the car- 
rots where the rootlets were lacerated, it being quite impossible to remove the 
carrots from the soil without injuring the rootlets. Experiments were con- 
sequently performed later by watering the carrots with the various solutions 
while the plants were left growing in the soil. These results will be re- 
ported in another paper. Suffice it here to state that BaCl 2 , SrCl 2 , and KI 
did not enter the carrots in these experiments, and similar selective quali- 
ties were clearly exhibited toward the other substances. 

Peaches. — Perfect Elberta peaches purchased locally were used in these 
experiments. From saturated H 3 B0 3 none of the solute entered the peaches 
till after 12 hours. It required 24 hours for H 3 B0 3 to make its appearance 
in the peaches from 0,1 molar H 3 B0 3 , and 0.1 molar Na 2 B 4 0 7 entered in 44 
hours, saturated Li 2 B 4 0 7 in 33 hours, 0.1 molar LiCl in 9 hours, 0.1 molar 
Li 2 S0 4 in 24 hours, 0.1 molar LiN0 3 in 6 hours, 0.1 molar BaCl 2 in 24 hours, 
0.1 molar KI in 12 hours. Again the SrCl 2 did not enter even after 120 
hours. 

It should be noted here that in some of the solutions in which the peaches 
were immersed, notably in the H 3 B0 3 solutions, brown spots developed on 
the peaches which extended into the tissue of the fruit. These areas were 
soft and decayed, and contained H s BO s ; but no H 3 B0 3 was found in the 
clear area around the brown spots. Brown spots also appeared on the 
peaches immersed in Li 2 B 4 0 7 , but LiCl and LiN0 3 caused no such spots to 
form, though these salts entered the fruit rapidly. On the other hand, 
Li 2 S0 4 caused the skin of the peaches to decay badly. BaCl 2 caused brown 
spots to appear, and fair amounts of the salts were found in the uninjured 
part of the peach. KI solution did not discolor the peach skins, although 
iodine permeated them. In Na 2 B 4 0 7 solutions no brown spots were de- 
veloped, though the solution became yellow after the peaches had been im- 
mersed in it for 40 hours. Finally in the SrCl 2 , the peaches remained un- 
changed and this salt did not pass in even after 5 days, thus clearly demon- 
strating the highly selective action exhibited by the fruit. 

Crabapple. — The fruit used in these experiments was the Milton jelly 
crabapple. The apples were small, averaging 3 to 4 cm. in diameter. Salt 
did not pass into the crabapples from 0.1 molar solutions of BaCl 2 , SrCl 2 
or KI in 192 hours. Boric acid from saturated solution entered the fruit in 
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96 hours, and the apples immersed in 0.1 molar Na 2 B 4 0 7 solution showed 
detectable quantities of boron in 120 hours. Lithium from saturated solu- 
tion of Li 2 B 4 0 7 was detected in the fruit in 48 hours. The 0.1 molar Li 2 S0 4 
entered the crabapples in 24 hours, 0.1 molar LiNO s in 24 hours, and 0.1 
molar LiCl in 48 hours. 

Further experiments were performed with the Milton jelly crabapples 
using the solutions above mentioned, but allowing the blossom end of the 
fruit to come into contact with the various solutions. Here H 3 B0 3 from 
saturated solution entered the apples in 102 hours, from 0.1 molar solution 
in small amounts in 174 hours, and from 0.01 molar solution not at all in 
174 hours, the duration of the experiment. Lithium entered from saturated 
Li 2 B 4 0 7 solution in spectroscopic amounts in 78 hours. The fruit was 
permeable to 0.1 molar Na 2 B 4 0 7 in 78 hours, 0.1 molar LiNO s in 28 hours; 
and to 0.1 molar Li 2 S0 4 in 28 hours. In 0.1 molar concentration BaCl 2 , 
SrCl 2 and KI did not pass into the fruit in 192 hours, the duration of the 
experiments. Very little difference in the rate of entrance of most salts 
was found in the case of the crabapples when only the sides dipped into the 
solutions as compared with the tests when the blossom end was immersed in 
the liquid. In a few eases the substances passed into the blossom end more 
rapidly than through the sides, showing that in experiments such as these 
it is best to prevent the solutions from coming into contact with any portion 
of the skin except the smooth and unbroken side of the fruit. 

Apples. — Wealthy, Talent, Ben Davis, Black Ben Davis and Baldwin 
apples were used in these experiments. They were all picked in the 
orchard of the Agricultural College except the Baldwins, which were 
shipped from Michigan, but had never been in cold storage. In every case, 
care was taken that the solution did not come in contact with either the 
stem or blossom end of the fruit. Occasionally an apple was found that de- 
veloped a decayed spot within a few hours after immersion in the liquid. 
Apples showing this effect always contained detectable quantities of the 
substance in the solution. The only explanation of this behavior is that 
the skins of these particular apples contained minute abrasions, probably 
caused by handling or shipping, which escaped detection when the fruit was 
sorted and selected for experimentation. The decayed areas indicated the 
spot through which the solution found an easy entrance into the apple. 

The Wealthy apples were used for experimentation soon after picking 
from the trees. The fruit averaged 5 to 6 cm. in diameter. Boric acid from 
saturated solution, and from 0.1 molar solution did not appear in the 
Wealthy apples even after 400 hours of immersion. Potassium iodide from 
0.1 molar solution did not enter in detectable quantities in 240 hours, the 
duration of the experiment. Although the apples w T ere left in contact with 
saturated Li 2 B 4 0 7 solution for 240 hours no spectroscopic test for lithium 


48 


PLANT PHYSIOLOGY 


was found. Sodium biborate from 0.1 molar solution did not enter the 
apples even after 288 hours, neither did 0.1 molar Bad 2 nor SrCL» enter 
after 400 hours. But 0.1 molar LiCl entered in 130 hours, 0.1 molar LiNO a 
in 252 hours, and 0.1 molar Li 2 S0 4 in 252 hours. 

By peeling one side of Wealthy apples and placing the peeled side in the 
solution it was found that 0.1 molar BaCl 2 passes through the tissue of the 
apple very readily and copiously, and the 0.1 molar SrCl 2 appreciably, 
although these substances do not pass through the apple skins in 400 hours. 

Wealthy apples were quickly washed with ether, then with benzene, fol- 
lowed by ethyl alcohol. This treatment removed most if not all of the wax 
from the skins of the apples, but the washed apples turned brown within a 
few hours. It was found that benzene was the solvent which caused the 
greatest injury to the fruit. The washed apples were placed in the above 
mentioned solutions, and all of the substances entered in notable amounts 
in 26 hours except the BaCl 2 , which required 96 hours, and the SrCl 2 w r hich 
did not enter in 150 hours. This behavior of the SrCl 2 showed that the skin 
was not destroyed, nor were gross openings made during the washings, 
although the permeability to H 3 BO s and various salts had been greatly in- 
creased. 

The action of the vapors of various organic solvents on the skins of 
Wealthy apples was determined. A pipe stem triangle bent so as to form 
a tripod was placed in a large beaker, and the apple was put upon this tri- 
pod. The liquid to be tested was then carefully poured down the side of the 
beaker till the bottom of the latter was covered about 1 cm. deep. The 
beaker was then covered with a large convex glass and allowed to stand at 
room temperature, about 20° C. The experiment with each apple was 
usually continued for 24 hours. Benzene, chloroform, ether, carbon tetra- 
chloride, carbon bisulphide, toluene, and acetone were used, each separately, 
as described. Acetone vapors were the only ones which did not cause 
marked visible injury to the apple skins. The vapors of the other six sol- 
vents caused the skins to be discolored and disintegrated so that when the 
apples were subsequently immersed in the aqueous solutions the latter read- 
ily penetrated the fruit. In an experiment to be mentioned later, apples 
were treated with boiling hot organic vapors in which case the effect just 
mentioned was greatly increased. 

Wealthy apples were exposed to ultra-violet light from an Hanovia lamp 
for 2.5 hours. The temperature did not rise above 30° C. During the 
operation of the lamp a strong odor of ozone could be detected. During and 
after this treatment the natural odor of the apples was much enhanced. 

These apples were found to be more permeable to 0.1 molar Na 2 B 4 0 7 , 
saturated Li 2 B 4 0 7 , 0.1 molar LiCl, LiNO a and Li 2 S0 4 than were the un- 
treated apples. The time required for Na,B 4 0 7 to enter decreased from 288 
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for the untreated, to 216 hours for the irradiated apples, for LiCl from 95 
to 56 hours, for LiNO a from 250 to 44 hours, and for Li 2 S0 4 from 252 to 
90 hours. The irradiation did not affect the permeability of the skins to- 
ward H 3 B0 3 , KI, or BaClo, which fact seems specially noteworthy. 

The Talent apples, 7 to 8 cm. in diameter, have skins which are green, 
with a russet coating in many instances. The substances used passed into 
the Talent apples much more copiously than into the Wealthy apples. Even 
0.1 molar BaCl 2 entered the Talent apples in small amounts in 115 hours. 
It was found that the Talent apples with russet skins were much more 
readily permeated than those from the same trees but with clear green skins. 
Notable amounts of KI and H 3 B0 3 were found in russeted apples in 90 
hours, whereas no KI or H 3 B0 3 was found in the clear green apples until 
after 115 hours and then only in small amounts. Of the lithium salts, 0.1 
molar LiN0 3 entered the clear green apples in 19 hours, 0.1 molar LiCl in 
30 hours, and 0.1 molar Li 2 S0 4 in 43 hours. The 0.1 molar Na 2 B 4 0 7 entered 
russet apples in 115 hours, but not the clear skinned apples in 165 hours. 
The cause of russeting does not seem to be known. It is known, however, 
that rusfeet apples lose moisture more readily than apples of the same variety 
without russet. 

Talent apples were irradiated with ultra-violet light from the Hanovia 
lamp used in the previous experiments. In this particular case, however, 
very little ozone was produced in the neighborhood of the lamp. The irradi- 
ated apples showed no increased permeability to any of the solutions used, 
except in the case of 0.1 molar Na 2 B 4 0 7 , which appeared to enter a little 
more rapidly and copiously than into apples not irradiated. 

The Ben Davis apples used were obtained from the orchard of the Agri- 
cultural College. The fruit averaged 5 to 6 cm. in diameter. The skins of 
the Ben Davis apples were more permeable than those of the Wealthy apples 
and less permeable than the Talent apples to H 3 BO s and KI. The H 3 B0 3 
from saturated solution entered in 168 hours and the KI from 0.1 molar 
solution in 288 hours. Lithium from 0.1 molar LiCl entered the Ben Davis 
apples in 130 hours. More experiments were not performed because of the 
small quantity of fruit available. 

The Black Ben Davis apples were also 5 to 6 cm. in diameter and were 
exceptionally firm, which eliminated much of the trouble usually occasioned 
by bruising. Boric acid from saturated solution entered the Black Ben 
Davis apples in 140 hours, and 0.1 molar Na 2 B 4 0 7 passed into the fruit in 
180 hours. Lithium entered the apples from 0.1 molar LiCl in 24 hours, 
from 0.1 molar LiNO s in 24 hours, and from 0.1 molar Li 2 S0 4 in 18 hours. 
The apples immersed in saturated Li 2 B 4 0 7 contained spectroscopic amounts 
of lithium in 22 hours. Neither 0.1 molar KI nor BaCl 2 passed into the 
fruit in 300 hours, while no SrCl 2 could be detected in the tissues of the 
apples even after 55 hours of immersion. 
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Lithium malate was prepared from pure Li 2 C0 3 and pure malic acid, and 
Black Ben Davis apples were immersed in a 0.1 molar solution of this salt. 
Lithium was detected in the apples after 19 hours had elapsed. The salt 
had passed into the fruit in copious amounts after 22 hours. The lithium 
thus entered the apples from the lithium malate slightly more rapidly than 
from LiCl and LiN0 3 and about as readily as from Li 2 S0 4 . 

To test the influence of high temperatures on permeability, Black Ben 
Davis apples were exposed to a temperature of 75° C. for one hour in a 
copper oven with water jacketed walls. Thirty apples weighing approxi- 
mately 3 kilograms were placed in the oven. While the apples were being 
heated the wax on the skins became soft and felt greasy when touched with 
the fingers, and the characteristic odor of baking apples was noticed. After 
an hour's heating the apples were allowed to come to room temperature, 
after which they were placed in the' various solutions. The color of the 
fruit was changed from a beautiful red to a reddish-brown. Temperatures 
higher than 75° C. were tried, but found to cause ruptures in the skins of 
the apples. The permeability of the skins of these heated apples to the 
above mentioned substances was found to be almost the same as tluft; of the 
fresh, raw apples. In a few cases it seemed that the permeability had 
slightly increased by the heating but the differences were so slight that they 
may very properly be attributed to individual differences. 

Low temperatures were also used on Black Ben Davis apples, which were 
exposed to a temperature of -8° C. for 5 hours. The frozen apples were 
allowed to thaw out and come to a temperature of 20° C. when they were 
placed in the solutions used in the above experiments. In this case H 3 B0 3 
from saturated solution entered the apples in 50 hours and from 0.1 molar 
H 3 B0 3 solution in 168 hours. Lithium was detected in the fruit immersed 
in 0.1 molar LiCl, LiN0 3 and Li 2 S0 4 after 22 hours, also from saturated 
Li 2 B 4 0 7 after 22 hours. No KI was detected in the apples that had been 
frozen even after 118 hours and BaCl 2 was not found though the experiment 
ran for 168 hours. 

Freezing the apples made it possible for most of the various substances 
to pass through the skins more readily and copiously than through the nor- 
mal skins of the same variety of apples. The frozen apples immersed in the 
various solutions did not show the development of any decayed areas while 
in the liquid. This would indicate that no gross breaks or ruptures were 
made in the skins by the process of freezing, for such breaks are uniformly 
marked by a decaying of the fruit when in contact with the solutions. 

Apples of the same variety were exposed to the vapors of boiling acetone 
for 20 to 30 minutes. The acetone removed most of the wax from the skins 
and also much of the coloring matter. In other experiments it was found 
that acetone was the only common solvent which removed the coloring mat- 
ter, although all removed most of the wax from the skins. 
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The apples were allowed to cool and were then placed in the various 
solutions. After the treatment, H 3 B0 3 entered from saturated solution in 
26 hours very copiously, and Na 2 B 4 0 7 from 0.1 molar solution also entered 
very abundantly in 26 hours. Lithium entered the acetone treated apples 
from saturated Li 2 B 4 0 7 in 10 hours, and from 0.1 molar LiCl, Li.NG 3 and 
Li 2 S0 4 in 10 hours in very notable quantities. At the end of 26 hours, KI 
was found in the apples in large amounts and even BaCl 2 had entered by 
this time in notable quantities. 

The boiling point of acetone is 56-57° C. It is not this temperature 
which caused the increased permeability, for the same variety of apples were 
exposed to a temperature of 75° C. without marked increase in the permea- 
bility of their skins. It consequently seems probable that the substances 
enter the apples more readily because the solvent has removed the waxy 
coating. 

The Baldwin apples used for experimentation were obtained from a 
dealer who had obtained them from northern Michigan. The apples had 
never been in cold storage, but were wrapped individually in tissue paper 
and stored in a cool place in the basement of the chemistry building, from 
whence they were taken to the laboratory as needed. 

In the Baldwin apples, H 3 B0 3 from saturated solution could not be de- 
tected after 144 hours had elapsed, nor from 0.1 molar solution after 267 
hours. Prom 0.1 molar solution, Na 2 B 4 0 7 was found in the apples after 
146 hours. Lithium had passed into the apples from 0.1 molar LiCl in 80 
hours and from 0.1 molar Li 2 S0 4 in very small amounts in 50 hours ; but 
0.1 molar KI did not pass through the skins in 100 hours, the duration of 
the experiment. Barium chloride from 0.1 molar solution did not enter the 
Baldwin apples, although the experiment was continued for 312 hours. 
These apples were also immersed in 0.1 molar KCNS, but no trace of this 
salt could be found under the skin of the apple even after 122 hours of im- 
mersion. The skins of these apples were in general more permeable to the 
substances used than the Wealthy and Ben Davis apples, and less permeable 
than the skins of the Talent and Black Ben Davis apples. Each variety of 
apple, however, displays some peculiarities toward various individual re- 
agents. 

Baldwin apples were placed 18 inches from a mercury vapor lamp and 
were irradiated continuously for 2 hours. The odor of ozone was quite 
strong in the neighborhood of the lamp and the natural odor of the apples 
was much enhanced during and for a short time following the irradiation. 
After treatment, H 3 B0 3 passed into the irradiated apples from saturated 
solution in 80 hours and from 0.1 molar solution in 267 hours, while from 
0.1 molar solution Na 2 B 4 0 7 entered in 80 hours. Lithium was detected in 
the apples from 0.1 molar LiCl in 22 hours and from 0.1 molar Li 2 S0 4 in 
. m . , 
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34 hours, and 0.1 molar KI entered the irradiated fruit in 80 hours. In 
every solution used, the solute passed through the skins of the apples which 
had been exposed to ultra-violet light for 2 hours much more rapidly and 
copiously than through the skins of the untreated fruit. These results are 
quite different from those obtained with the irradiated Wealthy apples. 

To determine what effects ozone itself might produce, Baldwin apples 
from the same lot used for the above experiments were exposed for 20 min- 
utes to an atmosphere of oxygen and ozone containing 2.25 grams of ozone 
per cubic meter of mixture. The ozone was produced by the action of the 
silent electric discharge on dry oxygen. After a short exposure to ozone, 
the natural odor of the apples was found to be much enhanced. For a few 
minutes after the apples were removed from the atmosphere of ozone, their 
waxy coating was very soft and sticky, and the subsequent hardening of the 
wax took place gradually. The apples were not placed in the solution until 
after the wax had hardened. Within a few hours after the treatment with 
the ozone-oxygen mixture, brown spots appeared at the lenticels of the apple 
skins. These small openings or pores could be seen with the naked eye in 
the normal fruit and it was evident that they were the locations at which 
the ozone took hold most strongly. It was shown in the case of the KI solu- 
tion that it was only at these points or areas that the solution entered. 
Iodine could be detected in the tissue immediately under the spots, but at 
no other place in the tissue. 

Boric acid from saturated solution entered the Baldwin apples treated 
with ozone in 24 hours and from 0.1 molar solution in 90 hours; lithium 
passed into the fruit from 0.1 molar LiCl in 10 hours and from 0.1 molar 
Li 2 S0 4 in 20 hours; and KI was found under the affected spots after 42 
hours. From 0.1 molar solution, BaCl 2 did not enter the apples although 
the experiment was continued for 312 hours. These results show that a 
very marked increase in the rate and extent of entrance of the various solu- 
tions used is caused by the action of ozone on the skins of the apples. 

Finally, the effects of peroxide of hydrogen were studied. Baldwin 
apples were treated with H 2 0 2 prepared by passing ozone into water and 
also by the action of H 2 S0 4 on an excess of Ba0 2 . The concentration of 
the H 2 0 2 ranged from 0.1 per cent, to 3.0 per cent, by weight. The apples 
were immersed in these solutions for 30 minutes and then placed in the 
various solutions, but no increased permeability was noted due to the action 
of H 2 0 2 . By using more dilute ozone the effect which that substance pro- 
duces is naturally greatly lessened. It is still a question whether the in- 
creased permeability of the skins of irradiated apples is due to ozone formed 
by the ultra-violet rays. 

The remarkable fact was observed that apples treated with H 2 0 2 were 
much less permeable to Li 2 S0 4 than the untreated apples, requiring 192 
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hours before lithium could be detected. The effect of the ozone on the apple 
skins was evidently due to some action of its own, therefore, and not to that 
of H 2 0 2 formed by its reaction with the moisture present on the surface of 
the fruit. 

Summary 

1. Various fruits and vegetables were immersed in solutions, and the 
rapidity and copiousness with which the substances passed through the outer 
membranes determined. The solutions used were 0.1 molar and in a few 
cases saturated solutions of LiCl, LiN0 3 , Li 2 S0 4 , Li 2 B 4 0 7 , H 3 B0 3 , Na 2 B 4 0 7 , 
KI, BaCl 2 and SrCl 2 . Other solutions were used in a few experiments. 

2. The skins on unripe sour cherries were found to be more permeable 
than the skins of ripe fruit from the same tree. Substances did not pass 
through the leaves and into adjacent cherries when the leaves were immersed 
in the solutions. California cherries burst before any of the substances in 
the solutions could be detected in the fruit. 

3. Eed "Wisconsin plums were more permeable than either blue or yellow 
California plums. The permeabilities of the blue and yellow plums were 
about the same. The three varieties frequently burst during immersion, but 
without increase of weight. 

4. LiCl, Li 2 S0 4 and LiN0 3 were the only substances which passed 
through the skins of freshly picked gooseberries readily and copiously. 

5. California grapes were found to be more permeable than Wisconsin 
grapes. The latter were found to be practically impermeable to all of the 
substances used except LiCl, LiNO s and Li 2 S0 4 , which passed through after 
long immersion. Irradiation with ultra-violet light did not cause increased 
permeability of the skins of the grapes. 

6. Toward LiCl, LiN0 3 and Li 2 S0 4 the skins of green tomatoes were less 
permeable than the skins of ripe tomatoes. The reverse was true for 
HgB0 3 , Na 2 B 4 0 7 and Li 2 B 4 0 7 . The skins of the tomatoes were the only 
membranes investigated which were more readily permeated by H 3 B0 3 and 
KI than by LiCl, LiN0 3 , and Li 2 S0 4 . 

7. All the substances used entered cucumbers and carrots quite readily 
and copiously, in the latter case probably because of the formation of open- 
ings through the laceration of the rootlets when the carrots were removed 
from the soil, 

8. The only substance used which did not readily pass through the skins 
of Elberta peaches was SrCl 2 , Some of the solutions used caused discolora- 
tion of the skin and tissues of the peaches. 

9. Milton jelly crabapples, and Wealthy, Talent, Ben Davis, Black Ben 
Davis and Baldwin apples were found to show selective action toward the 
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various solutions used. Eusset apples were found to be more permeable 
than the same variety without russet. 

Irradiation with ultra-violet light and exposure to dilute ozone was 
found to cause increased permeability of the skins of apples to most of the 
substances tested, but li 2 0 2 had practically no effect on the permeability of 
the membranes. Eemoval of the waxy coating from the skins caused a very 
marked increase in the rate and extent of entrance of substances into the 
fruit. 

Freezing without rupturing the skins was followed by a more rapid and 
copious entrance of the substances, while on the other hand, heating to 75° 
C. had very little effect on the permeabilities of the membranes. 

Department op Chemistry, 

University op Wisconsin, 

Madison, Wisconsin 


NITROGENOUS METABOLISM OP PYRUS MALUS L. 


I. INFLUENCE OP TEMPERATURE OP DESICCATION ON 
WATER-SOLUBLE NITROGENOUS CONSTITUENTS 
AND SEPARATION OF WATER-SOLUBLE 
PROTEIN PROM NON-PROTEIN 
CONSTITUENTS 1 

WALTE It T H OMAS 

Introduction 

Notwithstanding the fact that, nitrogen occupies a unique position in 
plant metabolism, our knowledge concerning the processes of absorption, 
synthesis or ultimate disposition of its compounds in the metabolic cycle of 
the higher plants is very limited. 

The various groups of the complex combinations which nitrogen is capa- 
ble of forming may have quite different physiological functions and, accord- 
ingly, as Spoehr and McGee (23) have already emphasized, it is improb- 
able that a rational conception of the function of nitrogen in the higher 
plants can ever be obtained without further studies of the physiological 
role of its various groups. Thus, a knowledge of the part these groups play 
and the extent to which their reactivity can be controlled are questions that 
must be solved before the problems of growth, reproduction and movement 
can be solved. 

Owing to the very large number and complexity of the compounds which 
nitrogen forms, the separation and identification of its various groups or 
compounds are beset with difficulties ; but the advances made in the chem- 
istry of proteins have paved the way for an approach to investigations on 
nitrogen metabolism that were not available to the older workers in this 
field (9). 

The possibilities which lie in the acquisition of greater knowledge of 
these weighty problems by the more modern method of approach are indi- 
cated by ChibnalUs (2) studies on the distribution of nitrogen in the leaves 
of the Runner Bean ( Phaseolus vulgaris) throughout a vegetative cycle; 

1 Published by permission of the Director of the Agricultural Experiment Station as 
scientific paper no. 418 and contribution no. 24 from the Department of Agricultural and 
Biological Chemistry. 

The cost of these investigations, forming a part of a cooperative project with the 
Department of Horticulture, has largely been defrayed by a grant from the Adams Fund 
for Agricultural Besearch. 
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but no investigations have been reported on the distribution or partition of 
nitrogen in the tissues of fruit trees throughout a cycle. 

The present studies were undertaken for the purpose of obtaining data 
that might give an insight into the transformations taking place, as mea- 
sured by the nitrogen fractions soluble in water, at the different vegetative 
periods throughout a year’s cycle. When the possibilities and limitations 
of such studies are known it should then be possible to determine to what 
extent such information might be utilized, more especially in relation to the 
problems of growth and reproduction. The problem necessarily involves 
the simultaneous study of the validity of methods. 


A. The effect of temperature of desiccation on the water- 
soluble NITROGENOUS CONSTITUENTS 
As the nature of the problem necessitated the accumulation of samples 
for subsequent analyses, prevention of enzymatic activity as soon as possi- 
ble after the samples are collected is essential. Preservation by means of 
alcohol is undesirable because of its precipitating effect on the proteins. 
Freezing also produces marked changes in some plants (27) . The available 
evidence indicates that inactivation of proteolysis by dehydration by drying 
probably causes less changes in the tissues than any of the methods at present 
m use. The question of the optimum temperature at which autolytic 
changes are reduced to a minimum has received attention recently by 
Tottingham, Schulz and Lepkovsky (27) and by Link and Schulz (17) 
These papers and also a paper by Chibnall (3) contain a discussion (with 
references) of the temperatures adopted by previous investigators for the 
desiccation of the tissues of various plants. None of the earlier workers 
appear to have made any investigation into the effects of temperature on 
the composition of the plants under experiment 

Bpfl f °™ LL + (3) ^ case of the leaves of the Runner 

an, that low-temperature drying m a closed oven at 40-50° C. entailed 
protein autolysis, causing an increase in ammonium salts, asparagine and 

aIZd a bfthem%trd^Ttr eStigat0rS (17 ’ 2?) ’ under the editions 

adopted by them, found that the greatest changes produced either by rapid 

“suited from the coagulation rf soluble ZtZ 

T cTboT “ h j gh "mPoratures; at low temperatures' (£ 

40 0.) both coagulation and proteolytic changes seemed to occur. 

Experimental 

mor^r/al XwasTp^ “ “ - »' * ** 
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Temperatures adopted in this investigation 

The experiences of previous investigators (17, 27) that very high and 
very low temperatures are to be avoided, minimum changes occurring at 
“intermediate” temperatures (50-70° C.), afford a sufficient basis for the 
selection of the three temperatures, 50, 60 and 70° C., for the determination 
of the optimum temperature causing minimum proteolytic changes in the 
water-soluble nitrogenous constituents of the species under investigation. 

At 50 and 60° C. desiccation was carried out in ordinary Freas venti- 
lated ovens. Drying at 70° C. was accomplished in wire bottom trays in a 
drying closet heated by steam coils. To further restrict the possibility of 
enzymatic activity the moisture content was reduced to 0.5 per cent, by 
transference to a vacuum oven for eight hours after the samples had been 
ground. The samples were preserved in glass stoppered sealed bottles. A 
month elapsed before analytical work was commenced on the dried samples. 

Preparation of samples for analysis 

The removal of the vacuole and colloidal cytoplasmic cell contents from 
the fresh leaves was readily accomplished by means of a Nixtamal mill 
(19) which readily disintegrates the cells of succulent plant materials after 
two or three passages through the mill. However, the disintegration of the 
cells of the refractory woody shoot growth could not be accomplished by 
this means. This was finally effected by the laborious process of alternate 
passage through an Enterprise mill and mincing by hand and afterwards 
macerating with quartz sand in the manner to be described later. The 
dried material was easily ground by a method previously described (26). 

Method of extraction of the soluble nitrogenous constituents : Direct 

METHOD VERSUS ChIBNALL's PROCEDURE 

Tottingham, Schulz and Lepkovsky (loc. cit.) found the direct ex- 
traction with water to be a satisfactory method for partitioning the prod- 
ucts of the nitrogenous constituents of barberry and sugar beet leaves. 
Water enabled them to extract the greater part of the proteins exposed by 
crushing the cells of the fresh tissues, the direct method compared with 
Chibnall’s (4, 5) giving somewhat higher values for total water-soluble 
nitrogen. 

Comparison of the direct method with Chibnall's method by the writer 
on apple leaves indicated that only two-thirds as much protein N and non- 
protein N were found in the extracts obtained by the latter method. These 
results would indicate that the modifying action of the cytolytic agent 
(ether) in Chibnall’s procedure is of greater influence than the post- 
mortem changes due to the “setting” of the cytoplasm into a gel (6). 
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All extractions were made by grinding 50 to 100 gm. of the material in 
a mortar with water (about 200—300 ce.) containing 20 cc. of 2 per cent, 
phenol. The brownish red extract was decanted on a filter of paper pulp, 
using a Buchner funnel, and the residue, after washing with water, again 
transferred to the mortar for further grinding . The process of filtering 
and grinding was repeated until microscopic examination showed that 85-90 
per cent, of the cells were broken up. All samples were made up to a vol- 
ume of 2,200 ec. and covered with a layer of toluene. 

Methods op analysis 

The methods of determining the various fractions will be given in detail 
in the third paper of this series in connection with the partition experiments. 


TABLE I 

Total water-soluble N, non-protein 1ST, ammonia N and amide N in the leaves 

a. AS PERCENTAGES OE THE DRY MATTER 


Series number 

Total N 

Total 

WATER 
SOLUBLE 1ST 

| 

Non-pro- 
tein N 

Ammonia N 

Amide N 

OA 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Fresh 

1.80 

'0,130 

0.089 

None 

0.014 

Dried at 50° 

1.82 

0.120 

0.090 

None 

0.016 

Dri^d at 00° 

1.82 

0.120 

0.092 



Dried at 70° 

18 

1.83 

0.109 

0.098 

None 

0.016 

Fresh 

1.86 

0.146 

0.120 

0.003 

0.013 

Dried at 50° 

1.86 

0.144 

0.124 

0.006 

0.017 

Dried at 60° 

1.85 

0.144 

0.123 

0.006 

0.017 


b. AS PERCENTAGES OF THE TOTAL NITROGEN OF THE DRY MATTER 


Series number 

Total N 

Total 
water 
soluble N 

Non-pro- 
tein N 

Ammonia N 

Amide N 

OA 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Fresh 

1.80 

7.22 

4.94 


0.77 

Dried at 50° 

1.82 

6.59 

4.94 


0.88 

Dried at 60° 

1.82 

6.59 

5.05 

. 


Dried at 70° 

1.83 

5.95 

5.35 


0.87 

18 






Fresh 

1.86 

7.85 

6.45 

0.16 

0.70 

Dried at 50° 

1.86 

7.74 

6.66 

0.32 

0.91 

Dried at 60° 

1.85 

7.59 

6.65 

0.32 

0.91 
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In the present experiments the effects of desiccation on the sap contents was 
followed by observation of the changes in the total water-soluble N, non- 
protein N, ammonia N and amide N. 

The results obtained are given in tables I and II. 

TABLE II 

Total water-soluble N, non-protein N, ammonia N and amide N 

IN THE NEW GROWTH 


a. As PERCENTAGES OP THE DRY MATTER 


Series number 

Total N 

Total 

WATER 
SOLUBLE N 

Non-pro- 
tein N 

Ammonia N 

Amide N 

OB 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Fresh 

0.715 

0.163 

0.099 

0.003 

0.009 

Dried at 50° 

0.715 

0.155 

0.110 

0.004 

0.014 

Dried at 60° 

0.711 

0.155 

0.104 



Dried at 70° 

0.710 

0.137 

0.103 

0.004 

0.011 


b. AS PERCENTAGES OF THE TOTAL NITROGEN OF THE DRY MATTER 


Series number 

Total N 

Total 

WATER 
SOLUBLE N 

Non-pro- 
tein N 

Ammonia N 

Amide N 

OB 

Per cent. 

i Per cent. 

Per cent. 

Per cent. 

Per cent. 

Fresh 

0.715 

22.8 

13.8 

0.419 

1.250 

Dried at 50° 

0.715 

21.6 

15.3 

0.559 

1.950 

Dried at 60° 

0.711 

21.8 

14.6 



Dried at 70° 

0.710 

19.3 

14.5 

0.563 

1.549 


Discussion 

These results, as also those of Tottingham and his co-workers (27), in- 
dicate that the higher the temperature (within limits) the greater becomes 
its influence on the coagulation of soluble proteins. In the case of the 
woody branch growth this appears to be accompanied by greater proteolytic 
changes at the lowest temperature (50° C.), a possible explanation of which 
is the longer time required for the desiccation of ligneous tissues. 

It is apparent, however, that desiccation of the tissues of this plant spe- 
cies, which is low in water-soluble nitrogen, under the temperature condi- 
tions described, does not greatly change the proportions of total water- 
soluble N and non-protein N and that the changes in the ammonia N and 
amide N are not, except in the woody tissues, much greater than the error 
of determination. The optimum temperature appears to be around 60° C. 
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These findings and those of Link and Schulz (17) on the barberry sug- 
gest that the proteolytic enzymes, due possibly to the different nature of 
the nitrogenous or carbohydrate constituents, may be relatively less active 
in plants low in water-soluble nitrogen than in those that are relatively 
high in these constituents. But whether, as suggested by Link and 
Schulz, the differences observed between the high and low water-soluble 
nitrogen types of plants are due to the initial water content and the rate of 
its removal can, it seems to the writer, only be determined by further inves- 
tigations in which plants' low in the soluble cytoplasmic proteins are com- 
pared with* those that are high (7). Until such questions are cleared up 
each plant tissue must represent a separate problem, in which case gen- 
eralizations extended to all types of tissues are impossible. 

B. The separation op the proteins from the non-protein 

CONSTITUENTS 

Although, for the accurate determination of the amino nitrogen content, 
the separation of the proteins from the other nitrogenous constituents of the 
extracts of plant cells is by some investigators (24) considered unnecessary, 
others (28) have shown the advantage of doing so. The water-soluble pro- 
tein in the plant species under investigation is, as we have seen, quite low ; 
nevertheless, apart from the desirability of having some knowledge concern- 
ing its amount and fluctuations during the vegetative cycle, positive evi- 
dence was obtained that the removal of the soluble protein by the method 
to be described herein enabled more consistent results to be obtained in the 
estimation of the several non-protein fractions with which these metabolism 
investigations are mainly concerned. 

The objective is to effect the separation with the removal of as little as 
possible of the intermediate products of protein degradation ; but whether 
any reagent accomplishes the complete exclusion of all products which are 
only a little below the original proteins in their complexity from the pro- 
tein-separates is doubtful. 

Notes on the reagents used in this investigation 

Since Stutzer (25) proposed copper hydroxide for the removal of 
“ peptides ’ 9 from the 4 'amide N,” a number of reagents, such as methyl 
alcohol, acetic acid, trichloroacetic acid, phosphotungstic acid, tannic acid, 
and colloidal ferric hydroxide, have been used for the separation of the 
“protein” from the “non-protein” constituents, and, unfortunately, the 
evidence points to the conclusion that a reagent satisfactory for one kind 
of biological material may be unsuitable for another. 

Hart and Bentley (13) have shown that Stutzer's reagent may not, 
in all cases, effect a complete separation of all protein and polypeptide 
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structures from amines and amides, for, although the copper salts of a num- 
ber of di-, tri-, and tetra-peptides have been prepared, having the formula 
(peptide)! :Cu (16), not all peptides may form insoluble copper salts under 
the conditions usually adopted for the precipitation. Prom the standpoint 
of the present investigations the chief objection to the use of copper salts 
is that under the conditions adopted they form insoluble copper compounds 
with certain amino acids. 

Blish (1), working on wheat flour extracts, following a suggestion by 
Osborne and Leavenworth (20), obtained very nearly complete separa- 
tion. He treated the extracts with 0.1 N NaOH followed by 0.1 N CuS0 4 
until the latter was only in slight excess of the equivalent required. Al- 
though his precipitates were free from amino groups, evidence was pre- 
sented that peptide linkings of unknown nature but of less complexity than 
true proteins were still present in small amounts in the filtrates. 

Both acetic acid and trichloroacetic acid are used by a large number of 
investigators both in the animal and plant physiological fields. The use of 
the latter was proposed by Greenwald (11) because of its easy solubility, 
its ready volatility and its non-solvent action on proteins when used in 
excess. It is claimed that it does not precipitate either the proteoses or the 
peptones (12), although the results obtained in this investigation are inex- 
plicable on this basis. 

Colloidal ferric hydroxide was first introduced by Rona and Michaelis 
(22), since which time it has received more favor as a precipitant for blood 
protein than possibly any other reagent. The evidence presented by 
Clementi (8) and also by Van Slyke, V enograh- V illchur and Losee 
(29) indicates that this reagent precipitates none of the amino acids; the 
latter also found that it precipitates none of the intermediary products up 
to the proteoses and none of these except some of complexity but little below 
that of the original proteins. Moreover, since the present investigations 
were completed, Fodor and Reieenberg (10) have shown that the proteins 
adsorbed by the ferric hydroxide gel can be recovered completely by eluat- 
ing the residuum with NaOH. 

Mercuric salts have the advantage that they remove all pigments, giving 
colorless solutions ; but the excess of mercury is not conveniently and easily 
removed. Like copper they also precipitate polypeptides. 

Experimental 

The effects of four of these reagents on the nitrogenous constituents of 
the water extracts of the leaves of Tyros Malus were examined. The tech- 
nique of precipitating the soluble proteins with the various reagents was 
as follows; 
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Acetic acid and trichloroacetic acid . — The extract (2,000 cc.) , after the 
addition of 10 cc. of 10 per cent, acetic acid or of 25 cc. of a 10 per cent, 
solution of trichloroacetic acid, was heated to boiling and boiled one to two 
minutes. The eoagulum was separated by a fluted filter paper, washed with 
100 cc. hot water, and made up to the original volume. 

Copper hydroxide . — To the extract, measuring about 2,000 cc. in a 4 
liter flask, was added 400 cc. of a freshly made-up solution of 0.2 N NaOH, 
followed by 400 cc. of 0.2 N CuS0 4 . Ten cc. portions of the 0.7 N CuS0 4 
were then added, and after each addition the extract was well shaken and 
the precipitate allowed to subside. The copper-protein precipitate was 
removed by filtration and washed with water. 

Colloidal ferric hydroxide . — Merck ? s colloidal ferric hydroxide was 
used. The extracts were brought just to the boiling point, when an excess 
of the reagent, determined by examining the filtrates for freedom from pro- 
teins, is added. Tn the present experiments 5-6 cc. is sufficient. The ex- 
tracts were then brought to the neutral point and the boiling continued for 
one or two minutes. In partition experiments of the nature to be described, 
it is necessary to remove the excess of iron by the addition of MgS0 4 or 
some other salt of high coagulating power. From 0.5 to 1.0 cc. of a satur- 
ated solution of this salt is sufficient to produce coagulation of the iron gel. 
The precipitate of protein-ferric hydroxide gel is separated by filtration, 
the precipitate washed, and the filtrate made up to the original volume. 

Determination of water-soluble protein nitrogen 

In all cases the protein N was determined by difference between the non- 
protein N and the total water-soluble N. The large fluted filter necessary 
for the filtering required too large a blank to enable the small amount of 
protein to be determined directly with any degree of accuracy. 

In table III the mean of closely agreeing duplicate determinations is 
given. 

TABLE III 

Comparison of protein N, non-protein N and amino N in the water extracts 


Series no. OC 


Nitrogen in the dry matter 


Precipitating reagent 

Total N 

Total 

water 

SOLUBLE N 

Protein N 

Non- 
protein N 

Amino N 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 


1.83 

/ 





Acetic acid 


0.144 

0.146 

0.034 

0.034 

0.110 

0.112 

0.014 

0.018 

Trichloroacetic acid ... 



Copper hydroxide 


0.146 

0.078 

0.038 

0.008 

Colloidal ferric hydrate... 


0.142 

0.022 

0.120 

0.024 
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Qualitative tests on the filtrates from the various precipitating 

REAGENTS 

The filtrates from the various reagents used for removing the proteins 
were subjected to the biuret, Millon and Adamkiewicz: reactions. Such 
tests serve as a general guide, but caution must be used in drawing con- 
clusions, for, as Molisch (18) has pointed out, the blue color of the biuret 
test is given also by certain carbohydrates and a number of aliphatic acids ; 
hence, the test is not specific for proteins and the - NH 2 - CO - CO - NHR - 
groups. Neither can the Millon test be regarded as specific for the tyrosine 
and tryptophane groups of proteins, because it is also given by phenol, sali- 
cylic acid and other substances containing a monohydroxybenzene nucleus, 
upon the presence of which the test for proteins depends. The biuret test 
is best carried out by the method of Kantor and Gies (15), who describe 
the preparation of a stable biuret reagent which is more sensitive than the 
classical method of application. The Adamkiewicz reaction was found in 
the present investigation to be more sensitive if the solution to be tested is 
concentrated almost to dryness in vacuo , followed by extraction with 
glacial acetic acid and concentrated HC1 and not concentrated H 2 S0 4 as 
usually recommended. 

Some investigators (10) use Spiegler and Essbach's reactions to dif- 
ferentiate the derived from the non-derived proteins (■ i.e the simple and 
conjugate proteins free from their hydrolytic products). However, it is 
questionable (14) if these reagents are specific. 

One of the difficulties encountered in applying such tests to plant ex- 
tracts is the difficulty in removing all pigments present without also remov- 
ing some of the products to be tested. The present tests were made on 
carbon black-treated extracts, which were concentrated in vacuo after 
filtering. 

The results are conveniently shown in table IY. 


TABLE IY 

Qualitative tests op extracts tor proteins 


Reagent 

Filtrates 

Biuret 

Adamkiewicz 

Millon 

Copper salt 

clear 

negative 

negative 

slight positive 

Acetic acid 

turbid 

positive 

positive 

positive 

Trichloroacetic acid 

turbid 

positive 

positive 

negative 

Colloidal ferric hy- 
droxide 

clear 

positive 

positive 

positive 


Qualitative tests, however, although devised for pure proteins and other 
decomposition products, may throw additional light on the results obtained 
by quantitative means and thus serve as an aid in interpretation. 
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Discussion 

The quantitative results, table III, show that CuS0 4 and NaOH have 
removed more nitrogen from solution than the other reagents. This ap- 
pears to be the result of the occlusion or formation of insoluble eopper- 
amino-acid compounds (e.g., asparagine) as well as to the complete removal 
of the specific peptides occurring in these extracts together with products 
intermediate between these and the true proteins. The negative biuret 
reactions in the copper filtrates give further confirmation of this, for a 
positive test is first encountered in certain tetrapeptides and is the more 
intense the greater the length of the polypeptide chain (21). This same 
test shows that the other reagents have not removed peptides and the inter- 
mediate products. The colloidal ferric hydroxide gel contains the lowest 
amount of nitrogen and the highest quantity of amino N. The presence of 
proteose N in the filtrates from the colloidal iron treatment may be objec- 
tionable from the standpoint of its influence on the determination of amide 
N, because of the possible error in the determination of amide N in the 
process of hydrolyzing the extracts. This was not investigated further 
because the amounts present are so small that the effect on the analytical 
results would be insignificant. The evidence to be presented in the third 
paper of this series shows clearly that all filtrates contain the CONH 
groupings. 

Colloidal ferric hydroxide, then, is admirably suited for the separation 
of true proteins from solution because: (1) It is more convenient and ex- 
peditious; (2) it permits all the amino acids to go through, occluding and 
precipitating none; (3) it effects sharp separation of true protein from its 
decomposition products; and (4) the adsorbed proteins can be recovered 
quantitatively from the residuum. 

Summary 

Desiccation of the leaves and new wood growth from apple trees at 50°, 
60° or 70° C. has no effect on the total nitrogen; but relatively small de- 
creases in the soluble cytoplasmic proteins, and increases in the non-protein 
constituents, occur through drying. Considering the effect of temperature 
on both coagulation and proteolysis, it would appear that a temperature of 
60° C. is the optimum for the desiccation of the tissues of this species, which 
belongs to the type of plants that are low in water-soluble protein nitrogen. 

Colloidal ferric hydroxide has many advantages over the reagents in 
general use for the separation of the simple and conjugate proteins from 
their hydrolytic products. Eeasons for this choice are given. 
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J. B. Hill and L. 0. Overholts for microscopic examination of some of the 
extracted materials. 

Department of Agricultural and Biological Chemistry, 

Agricultural Experiment Station, 

The Pennsylvania State College. 

LITERATURE CITED 

1. Blish, M. J. A study of the non-protein nitrogen of wheat flour. 

Jour. Biol. Chem. 33 : 551-559. 1918. 

2. Chibnall, A. C. Investigations on the nitrogenous metabolism of the 

higher plants. II. The distribution of nitrogen in the leaves of 
the runner bean. Biochem. Jour. 16: 344-362. 1922. 

3. , Investigations on the nitrogenous metabolism of the 

higher plants. III. Effect of low-temperature drying on the dis- 
tribution of nitrogen in the leaves of the runner bean. Biochem. 
Jour. 16 ; 595-605. 1922. 

4 . . A new method for the separate extraction of vacuole 

and protoplasmic material from leaf cells. J our. Biol. Chem. 55 : 
333-341. 1923. 

5 . Spinacin, a new protein from spinach leaves. Jour. 

Biol. Chem. 61 : 303-308. 1924. 

0 , ? and Nolan, L. S. A protein from the leaves of the 

alfalfa plant. Jour. Biol. Chem. 62: 177-178. 1924. 

7. , and Grover, C. E. A study of leaf cell cytoplasm. 

I. The soluble proteins. Biochem. Jour. 20: 108-118. 1926. (See 
P- 117.) 

8. Clementi, A. Arch. de. Farm. 20: 561. 1915. Quoted by Czapek, 

F., Biochemie der Pflanzen. Zweite Aui 2: 29 (foot-note). 1920. 

9. Czapek, F. Biochemie der Pflanzen. Zweite Aug. 2 : 291 et seq. 1920. 

10. Fodor, A., and Reifenberg, A. Studies on the nature of the process of 

germination. A new method for the determination of proteins by 
means of adsorption applied to the decomposition of proteins in 
germinating pea seeds. Biochem. Jour. 19: 188-193. 1925. (See 
p. 190.) 

11. Green wald, I. The estimation of non-protein nitrogen in blood. 

Jour. Biol. Chem. 21 : 61-71. 1915. 

12. Halliburton, W. D., and Brodie, T. G. Nucleo-albumins and intra- 

vascular coagulation. Jour. Physiol. 17 : 135-173. 1894r-1895. 
(See p. 169.) 

13. Hart, E. B., and Bentley, W. H. The character of the water-soluble 

nitrogen of some common feeding stuffs. Jour. Biol. Chem. 22: 
477-483. 1915. 


66 


PLANT PHYSIOLOGY 


14. Hawk, P. B. Practical Physiological Chemistry. Eighth Edition. 

p. 449. 1923. 

15. Ka ntor, J. L., and Gies, W. J. Methods of applying the biuret test. 

Biochem Bull. 1: 264-263. 1911. (See p. 269.) 

16. Kober, P. A., and Sugiuri, K. Copper complexes of amino acids, pep- 

tides and peptones. Jour. Biol. Chem. 13: 1-13. 1912-13. 

17. Link, K. P., and Schulz, E. R. Effects of the methods of desiccation 

on the nitrogenous constituents of plant tissues. Jour. Amer. 
Chem. Soc. 46 : 2044-2050. 1924. 

18. Molisch, H. Microchemie der Pflanzen. Erster Auf. p. 118. 1913. 

19. Osborne, T. B., and Wakeman, A. J. The proteins of green leaves. 

Jour. Biol. Chem. 42: 1-26. 1920. (See p. 1.) 

20. , and Leavenworth, C. S. Protein copper compounds. 

Jour. Biol. Chem. 28: 109-123. 1916-17. 

21. Robertson, T. B. Physical chemistry of the proteins. First Edition. 

p. 14. 1920. 

22. Rona, P., and Michaelis, L. TJntersuehungen iiber den Blutzucker. 

Biochem. Ztschr. 7 : 329-337. 1908. 

23. Spoehr, H. A., and McGee, J. M. Studies in plant respiration and 

photosynthesis. Carnegie Inst, of Washington Publ. no. 325. 
1-10. 1923. 

24. . Studies in plant respiration and photosynthesis. Car- 

negie Inst, of Washington Publ. no. 325. p. 379. 1923. 

25. Stutzer, A. Untersuchungen iiber die quantitative Bestimmung des 

Protein-Stickstoffs und die Trennung der Proteinstoffe von anderen 
in Pflanzen vorkommenden Stiekstoff-verbindungen. Jour, fiir 
Landwirtschaft. 28 : 103-123. 1880. 

26. Thomas, W. ? and Dutcher, R. A. The colorimetric determination of 

carbohydrates in plants by the picric acid reduction method. I. 
The estimation of reducing sugars and sucrose. Jour. Amer. 
Chem. Soc. 46 : 1662-1669. 1924. (See p. 1666.) 

27. Tottingham, W. E., Schulz, E. R., and Lepkovsky, S. The extrac- 

tion of nitrogenous constituents from plant cells. Jour. Amer. 
Chem. Soc. 46: 203-206. 1924. 

28. Van Slyke, D. D., Venograd-Villchur, M., and Losee, J. R. The 
Abderhalden reaction. Jour. Biol. Chem. 23: 377-406. 1915. 
(See p. 379.) 

, . The Abderhalden reaction. Jour. 

Biol. Chem. 23:377-406. 1915. (See p. 381.) 


29. 


NITROGENOUS METABOLISM OF PYBUS MALUS L. 

II. THE DISTRIBUTION OF NITROGEN IN THE INSOLUBLE 
CYTOPLASMIC PROTEINS 1 

Walter Thomas 

Before undertaking the experimental work on the distribution, through- 
out a year's cycle, of the soluble nitrogenous constituents of the leaves and 
branch growth, which will be presented in the third paper, it was considered 
of interest to obtain information respecting the nature of the insoluble leaf 
proteins and to ascertain what fluctuations, if any, occur during develop- 
ment, in the distribution of its nitrogen groups (i.e., its amino acid make- 
up). An additional motive for a closer study of this insoluble portion was 
afforded by the relationships which Nightingale (8) seemed to find between 
his alcohol insoluble nitrogen fraction, and carbohydrates, in the vegetative 
and reproductive processes of the tomato plant ( Lycopersicum esculentum ) . 

Sufficient knowledge is not yet available to enable these insoluble pro- 
teins to be isolated in a state of purity, but Van Slyke ( 11 , 12 ) has devised 
a method for determining the distribution of nitrogen in the various groups 
of the protein molecule which has furnished means of classifying different 
proteins by their amino acid make-up. This method was, however, devised 
for pure proteins and their hydrolytic products (1, 2, 3), but as Morrow 
and Gortner (7) have pointed out, the extension of the method may be made 
to impure proteinaceous substances when due precautions are taken and 
no attempt is made to assign any part of the nitrogen to any specific amino 
acid. 

Experimental 

Samples of leaves were collected, from a 15-year-old Stayman Winesap 
tree growing in sod, at three critical physiological periods, viz. (1) at the 
early period of bud formation (May 13), (2) at the stage of active maximum 
growth (July 22), and (3) at the period of ehlorophyl degeneration, i.e of 
declining metabolic activity (Nov. 11). 

Five grams of each residuum, dried in vacno, remaining after the ex- 
traction with water as described in the preceding paper and consisting, 
therefore, of the insoluble cytoplasmic proteins and the cellulose material 
of the cell wall, together with such non-protein nitrogenous materials as 
fats, lecithins, ehlorophyl, and the purine and pyrimidine bases, were ex- 

i Published by permission of the Director of the Agricultural Experiment Station 
as scientific paper no. 419 and contribution no. 25 from the Department of Agricultural 
and Biological Chemistry. 
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tracted with -alcohol followed by ether for the removal of fats, chlorophyl 
and lecithins, and afterwards digested with 0.5 per cent. HC1 (10) to hydro- 
lyze the interfering carbohydrates (5). After filtering and washing with 
hot water, each residuum, consisting of the impure proteins, was hydrolyzed 
with 20 per cent. HC1 for 48 hours on a sand bath, with the usual precau- 
tions, to insure comparable results (4). The small amount of protein N in 
the filtrate from the 0.5 per cent. HC1 hydrolysis was separated and hydro- 
lyzed after the process described by Hamilton, Nevens and Grindley (5). 
After the removal of the HC1 by distillation in vacuo , the two hydrolysates 
were combined. The residue was dissolved in 100 cc. of water and a slight 
excess of MgO added. The process of determining the nitrogen fractions 
was then, with slight modifications, similar to that described by Morrow and 
Gortner (7). 

The analytical data are presented in table I. 

TABLE I 

The insoluble cytoplasmic proteins 
Distribution op N as percentage of total nitrogen 


Nitrogen fraction 


Series no. 3 

Series no. 20 

Series no. 33 


(a) 

(b) 

(a) 

(b) 

(a) 

(b) 

Ammonia N 

w 

15.50 

15.20 

14.80 

14. 

20 

16.40 

16. 

,00 

Insoluble humin N 

(B) 

7.82 

8.00 

7.75 

7. 

70 

9.00 

8. 

80 

Humin N precipitated by Oa(OH) ...(C) 

0.23 

0.20 

0.24 

0 . 

.27 

0.24 

0 . 

,29 

Total humin N 

A + B) 

8.05 

8.15 

7.99 

7, 

.97 

9.24 

9. 

,19 

Total basic N 

(D) 

20.62 

20.55 

21.80 

21. 

,70 

22.05 

20. 

,30 

Basie N set free as NH g by 

50% 









KOH (arginine) 

(E) 

5.80 

lost 

5.92 

6, 

.00 

6.34 i 

6, 

.15 

Basie N not set free as NH 

'3 by 









50% KOH 

....... (D-E) 

14.82 


15.88 

15, 

.70 

15.71 

14, 

.15 

Amino N of bases 

(S’) 

5.25 






..... 


Non-aminn N of bases 

(D - F) 

15.37 








N in filtrate from bases 

............. (<j) 

53.10 

52.80 

54.85 

54 

.91 

55.00 

54 

.20 

Arnino N in filtrate from bases,. 

(H) 

51.30 

51.00 

53.20 



53.00 

..... 


Non-amino N in filtrate 

from 









bases 

(G-H) 

1.80 

1.80 

1.65 

- 


2.00 



Total N obtained 


97.27 


98.72 

99 

.44 

102.69 

99 

.80 


In series no. 33 (a) fats, lecithins, chlorophyl, etc., were removed by previous ex- 
traction with alcohol and then with ether. This would contain a small amount of nitro- 
gen, but the total amount as compared with the protein N present is small. 


Discussion and conclusion 

Is it justifiable to draw from the constancy of the distribution of nitrogen 
the conclusion that, although the leaf proteins vary quantitatively through- 
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out their cycle, they do not vary qualitatively? In other words, do these 
results indicate that a single protein exists in the leaves or do they contain 
a mixture of several? Osborne (9) believes that even if several proteins 
occur in these leaves they may be so nearly alike in their amino acid make-up 
that changes in their relative proportions can not be established by methods 
at present available. He is of the opinion that, though the above results do 
not give absolute prtoof, perhaps, that a single protein is present in these 
leaves, they do indicate that this is the case. 

Even if these “insoluble” proteins could be isolated in the pure condi- 
tion so that not only the percentage of amino acids but also their optical 
properties, molecular weight and elementary composition could be deter- 
mined, the similarity of all these would not constitute indisputable evidence 
that the proteins were identical. If marked differences occurred in the 
amino acid content there would be little question as to the existence of a 
mixture of substances of unlike chemical entities,* but these results, until 
new methods of study become available that enable the question of the true 
chemical entity of the proteins to be determined, do indicate that little, if 
any, qualitative change in the nature of the insoluble leaf protein has taken 
place during its development. 

Prom this standpoint, then, it is clear that any relationship to plant per- 
formance that may be discoverable between the insoluble proteins and carbo- 
hydrates must be due to quantitative and not qualitative differences in the 
nature of the insoluble proteins. 

Department of Agricultural and Biological Chemistry, 

Agricultural Experiment Station, 

The Pennsylvania State College. 
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SOIL-MOISTURE CONDITIONS IN RELATION TO PLANT GROWTH 


F. 0*. Veihmeyer and A. H. Hendrickson 
(WITH SIX FIGURES) 

Recent investigations at the University of California have yielded much 
information regarding the relation of soil moisture to the normal growth 
and behavior of fruit trees, and have indicated serious disagreements with 
results secured by some previous investigators of the problem of water rela- 
tions of plants* It is logical to suppose that the moisture conditions of the 
soil do not exert any direct retarding influence on the plant so long as water 
is supplied to the absorbing surfaces of the roots and is conducted to the 
leaves as rapidly as required by the transpiration rate. However, just as 
soon as the rate of supply falls below this requisite amount, then soil mois- 
ture becomes a limiting condition. An inadequate moisture supply may be 
evidenced by lessening of turgor, cessation of growth, and wilting, and, in 
more advanced stages, by death of the tissues. Of course, the wilting of a 
plant does not indicate that water has ceased to move from the soil into the 
plant, but simply that transpiration has exceeded absorption and conduc- 
tion. It is obvious, since wilting is progressive, that various stages of wilt 
might be recognized. Several attempts have been made to fix upon a 
definite degree of wilting. The “saturation deficit” of Renner (6) and 
the “incipient drying” of Livingston and Brown (4) are not definite 
stages, but represent broad ranges in the progress of wilting, but the “per- 
manent wilting” of Briggs and Shantz (1) represents a fairly definite 
stage or degree of wilting, which can be readily recognized in experimenta- 
tion, and this has received much study. However, Koketsu (3) has 
pointed out that definite stages of wilting may be recognized readily in 
Mimosa because of the movements of its leaves. 

Briggs and Shantz defined their permanent wilting as that stage of 
wilting when the leaves first undergo a permanent reduction of their mois- 
ture content as a result of deficiency in the soil-moisture supply. A perma- 
nent reduction is here taken to mean a deficiency in leaf-water content from 
which the leaves do not recover in an approximately saturated atmosphere, 
without the addition of water to the soil. Livingston and Koketsu (5) 
have further discussed the condition of permanent wilting and have empha- 
sized the dynamic nature of the wilting process. 

Briggs and Shantz (1) concluded from their studies that atmospheric 
environmental conditions have little or no effect upon the residual water 
content of the soil at the time of the beginning of permanent wilting and 
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that this residual water content, called by them the wilting coefficient, for 
any given soil is a constant for all species of plants grown on it and for all 
stages of their development. On the other hand, Caldwell (2) and Shive 
and Livingston (8) found, from a study of plants grown in small contain- 
ers, that the time required for the onset of permanent wilting after watering 
had been discontinued, and also the residual water content of the soil when 
permanent wilting began was dependent upon the intensity of the evapora- 
tion conditions for the period during which permanent wilting was attained. 
Livingston and Koketsu (5) found that the water-supplying power of the 
soil was practically constant for all soils when permanent wilting began in 
their plants, and they predicted that this critical value of the supplying 
pow T er would be found to depend upon the evaporation conditions. 

Observations extending over a number of years in deciduous fruit orch- 
ards in California, as well as in experimental plots at Davis, California, at 
the Branch of the College of Agriculture of the University of California, 
indicate that the soil-moisture supply may fluctuate between wide limits 
without measurably affecting the growth of the tree or the yield and quality 
of the fruit. This range of fluctuations in the moisture of the loam soils on 
which the experiments were conducted was between the maximum field 
capacity and the calculated wilting coefficient, a range of 10 per cent, or 
approximately 9.5 acre-inches of water in six feet of soil. The difficulty 
of adequately sampling the soil in the orchard plots, in spite of the employ- 
ment of an unusually large number of samples, and the consequent difficulty 
of determining with satisfactory certainty the average soil-moisture condi- 
tion in the root zone, led to a study of trees grown in large containers, and 
the results from these experiments were substantially the same as those 
obtained in the orchard plots. 

Experimental results based on the idea that water applied at any point 
in the soil would be quickly and uniformly distributed throughout the sur- 
rounding soil have led, in the opinion of the writers, to many erroneous 
conclusions. This thought has also recently been put forth by others, not- 
ably Shantz (7), who stated upon theoretical considerations that “Because 
of these peculiarities in the distribution of moisture in soils much of the 
work ... is entirely unreliable and will have to be repeated when the con- 
ditions are known or better understood.- 7 The writers have been unable 
to maintain any soil-moisture content lower than that which the soil would 
hold against the force of gravity — the maximum field capacity. What takes 
place when water is applied to the surface of nearly dry soil is illustrated 
by the results of a test, the results of which are shown in figure 1. A rain 
of 2.15 inches on the surface of a loam soil resulted in wetting the soil to a 
uniform depth of about 14 inches, but no farther, samples being taken 48 
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o * Point from which so/7 samples were 
taken. 

Upper number s «. Moisture equivalent determined by 
centrifuge method. 

Lower numbers - Actual moisture content of samp/e 
from fie id. 

Percentages are the ratios of the moisture content to 
the moisture equivalent. 

Tig. 1. Vertical distribution of water in a loam soil 48 hours after a rainfall of 
2.15 inches. The upper margin of the diagram represents the soil surfaces. 

hours after the rain ceased. As the figure shows^ the soil throughout the 
wetted region was raised to a moisture content closely approximating its 
moisture equivalent made by the method suggested by Veihmeyer, Israel- 
son and Conrad (9). In general, an application of a definite amount of 
water on the soil surface results in the wetting of the loam soils used in these 
experiments always just to a definite depth, this depth depending upon the 
water-holding capacity of the soil and its initial moisture content. This 
was observed many times in our work, both in field plots and in large con- 
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Fig. 2. The movement of moisture upward and downward (left and right in dia- 
gram) from soil mass initially containing 22 per cent, of moisture to soils containing 
14.5 per cent, of moisture. Column was started September 2, 1922; samples were taken 
January 18, 1923. The place of sampling in the column and the amount of moisture 
found are indicated by the circles. Depth is shown by numerals along the base of 
diagram. 

tamers. There is no evidence in such tests of the deeper soil being wetted 
at all by the surface application. 

The results obtained in these experiments are contrary to a long accepted 
belief that water moves by capillarity with considerable speed from moist 
to drier soils. Such movement as occurs has been found in our tests to be 
extremely slow in rate and slight in both amount and extent. The data 
presented in figure 2 show the movement of moisture upward and downward 
within a period of 139 days, from a soil mass initially containing 22 per 
cent, of moisture, calculated on a dry weight basis, to soil masses above and 
below containing 14.5 per cent, of moisture. The column of loam soil had 
a cross-sectional area of 36 square inches. The central wet section was 
initially packed with soil containing water to the extent of its maximum field 
capacity (22 per cent.) and the upper and lower end sections were packed 
with the same soil but with moisture content somewhat above the calculated 
wilting coefficient. The extent of movement in either the upward or the 
downward direction was approximately 8 inches in the period of 139 days. 
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Like results were obtained in many similar trials, with soils of different 
initial moisture contents. 

In the experiments with trees in containers, at each application of water 
the soil mass was raised to its maximum field capacity throughout. The 
trees were then allowed to deplete the average soil moisture to different 
extents and then water was again applied. The range of moisture fluctua- 
tions was slight, in some eases, while in others it was as much as from the 
maximum field capacity to the calculated wilting coefficient. These experi- 
ments continued through the growing season. The use of water by young 
French prune trees grown under these conditions of fluctuating soil mois- 
ture supply is shown by the data in table I. 

TABLE I 

Amount or water used by young French prune trees, as related to leaf area and 

TO LENGTH growth 


Number 

OF TREE 

Length 

growth 

Number 

OF 

LEAVES 

Leaf 

AREA 

Water used 
March 1 
to Septem- 
ber 25 

Ratio of 

WATER USE 

TO LEAF 
AREA (LOSS 
PER SQUARE 
INCH OF 
AREA) 

Ratio of 

LENGTH 

GROWTH TO 

WATER USE 
(INCHES OF 
GROWTH PER 
POUND OF 
WATER USED) 


inches 


sq. in. 

pounds 

pounds 

pounds 

5 

348.0 

I 394 

2098 

499 

0.237 

0.698 

12 

214.0 

239 

1244 

316 

0.254 

0.678 

20 

697.5 

828 

4305 

1020 

0.237 

0.683 

21 

351.0 

398 

2070 

508 

0.245 

0.690 


For tree no. 5, the soil-moisture content was kept above 16 per cent, until 
the middle of August, being then alternately allowed to fall to approxi- 
mately the wilting coefficient, and irrigated; for tree no. 12, the soil was 
kept water logged throughout the experiment; for tree no. 20, the soil-mois- 
ture content was maintained above 16 per cent. ; and for tree no. 21, the 
soil-moisture content fluctuated between the maximum field capacity and 
an amount corresponding to the wilting coefficient. The maximum field 
capacity (or the moisture equivalent) for this soil was approximately 22 
per cent. The use of water was nearly proportional to the leaf area and 
still more nearly proportional to the growth in length. The coefficient of 
correlation between the use of water and the leaf area for all the trees used 
(of which those given in table I are a part) is 0.97 zb 0.11, and that between 
use of water and growth in length is 0.995 zb 0.002. There is apparently 
no relation between soil-moisture content and either use of water or growth 
in length as here shown. 



Fig. 3. Use of water by prupe tree during the season of 1922, at Mountain View. 
The weight of the tank with soil containing 22 per cent, of moisture was 1161 pounds and 
the weight when the soil was at the wilting coefficient (11.9 per cent.) was 1070 pounds. 


A further example to show that the rate of use of water by young prune 
trees in containers w r as not affected by the amount of water in the soil, pro- 
vided the moisture content was not below the calculated wilting coefficient, 
is shown by the graph of figure 3, which presents data which were obtained 
from a tree on an automatically recording balance. The vertical portions 
show the applications of water, and the slope of each intervening portion of 
the graph indicates the rate of use of water, which was clearly no greater 
with high than with low soil-moisture contents. 

When the soil-moisture content was reduced to a percentage correspond- 
ing approximately to the calculated wilting coefficient, the trees wilted and 
did not revive until water was applied to the soil. A remarkable degree of 
agreement between the observed and the calculated wilting coefficient is 
shown in table II in a number of cases, which are representative of a much 
larger number, for two different localities, and at different times during the 
growing season. 

Still further evidence of the importance of the wilting coefficient as a 
critical point in the process of soil-moisture depletion by plant transpiration 
was secured from studies on the width of stomatal openings. Apricot, 
prune and peach trees growing on soil with water content higher than that 
corresponding to the wilting coefficient showed markedly wider stomatal 
openings by day than did those grown on soil with water content at or near 
the wilting coefficient. The average results obtained w T ith prune trees dur- 
ing a 24-hour period beginning at 6 A. M., September 11, 1924, are shown 
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Fig. 4. Width of stomatal opening on prune trees in moist soil and in dry soil at 
Mountain View, California, September 11, 1924. Temperature and relative humidity are 
shown by the light lines in the lower left corner. Relative amount of soil moisture above 
the wilting coefficient is shown by the solid black column; relative amount of soil mois- 
ture below the hygroscopic coefficient is shown by the unshaded portion. 


graphically in figure 4. The usual diurnal variation in stomatal widths is 
shown for both moist and dry soils, but the average maximum width for the 
moist soil is seen to have been about three times as great as for the dry soil. 
Similar results obtained with peach trees under climatic conditions essen- 
tially the same as those to which these prune trees were subjected are shown 
in figure 5, along with a similar graph for another prune tree on moist soil. 
However, differences in width of stomatal openings of leaves on any of the 
trees studied could not be detected when the soil-moisture contents varied 
but did not fall to the wilting coefficient. The average measurements of 
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Fig. 5. Width of stomatal opening on peach and prune trees in moist soil and 
peach tree in dry soil at Delhi, October 1, 1924. Temperature and relative humidity are 
shown in lower left corner. Relative amount of soil moisture above wilting coefficient is 
shown by solid black column; relative amount of soil moisture below the hygroscopic 
coefficient is shown by the unshaded portion. 

stomata of leaves on peach trees, one of which was on a soil with high mois- 
ture content, and the other on a soil with low moisture content but still 
above the wilting coefficient are shown graphically in figure 6. The graphs 
show that no real differences exist in width of stomatal opening. The 
stomata appear to have behaved as usual as long as the soil-moisture content 
was higher than the wilting coefficient. These results also substantiate the 
data given in table I, in that the trees were not affected until the soil mois- 
ture was reduced to the wilting coefficient. 
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TABLE II 

Relation of the observed to the calculated wilting coefficient for young prune 

TREES IN CONTAINERS 


Tree 

number 

Date wilted 

Soil-moisture content 

AT TIME OF WILTING 

Wilting coefficient 

CALCULATED FROM 

moisture equivalent 



per cent. 

per cent. 

3 

May 5, 1922 

11.6 

11.1 

3 

August 14, 1922 

10.5 

11.1 

3 

September 28, 1922 

11.2 

11.1 

5 

August 25, 1922 

13.0 

12.7 

5 

October 7, 1922 

12.7 

12.7 

5 

May 3, 1923 

12.3 

12.7 

6 

August 21, 1922 

11.6 

11.9 

6 

September 2, 1922 

11.7 

11.9 

6 

April 29, 1922 

11.3 

11.9 

19 

June 13, 1924 

11.1 

11.2 

20 

June 12, 1924 

11.0 

11.4 

10 

July 7, 1924 

11.9 

11.6 


Trials with mature peach and prune trees showed that growth in length 
of shoots could not be prolonged indefinitely by maintaining high soil-mois- 
ture contents throughout the season, and the same result was secured with 
young trees in containers. If the average percentage of water in leaves and 
bark and wood of all parts of the tree may be used as a criterion of maturity 
the results obtained with bearing peach trees indicate that trees growing 
on wet soils matured at the same time as trees on nearly dry soils for the 
mean water content of these parts of the tree was approximately the same 
in the autumn for both soils. Furthermore, young trees on moist soil held 
in containers dropped their leaves at the same time in the fall as those on 
drier soils. However, defoliation could be brought about during periods 
of high evaporating conditions by withholding water until the trees wilted. 

The data secured in these studies seem to have an important bearing on 
a number of questions regarding the relation between irrigation and, the 
hardening or maturing of the wood and buds of fruit trees. An abundant 
supply of soil moisture throughout the season can not alone account for the 
immaturity of the current growth of the tree and so-called winter injury 
that seems to be a result of such immaturity, at least under the conditions of 
these experiments. 

The correlation between leaf area and the use of water by trees is illus- 
trated in a concrete way by results obtained in one of the orchards at the 
Branch of the University of California at Davis. This orchard consisted 
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Fig. 6. Width of stomatal opening on peach trees on moist soil and on dry soil at 
Davis, California, July 9, 1925. Temperature and relative humidity are shown by light 
lines in lower left-hand corner. Relative amount of soil moisture above the wilting co- 
efficient is shown by solid black column; relative amount of soil moisture below the 
hygroscopic coefficient is shown by the unshaded portion. 

of suitable plots of cherries, plums, prunes, pears, peaches, and apricots, 
with different spaeings. Thus, in the first block the trees were 12 feet 
apart, in the second, 16 feet apart, and so on until the trees of the last block 
were 36 feet apart. The trees were planted in 1915 and at the present 
time only those in the 30-foot and 36-foot blocks are alive. The trees in 
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the 12-foot block showed evidence, of drought during the summer of the 
fourth season. After the fourth or fifth year growth w r as less and injury 
(such as sunburn) was greater in the more closely planted blocks than in 
the others. Those of the 12-foot block showed signs of drought, as evidenced 
by curling and dropping of the leaves, from two to five or six weeks before 
those of the 24-foot block showed these symptoms. The greater leaf area, 
in proportion to the moisture available to the trees, in the closely planted 
blocks was probably directly concerned with the premature decline of these 
trees. 

The relation of leaf area to use of water by the tree has an important 
bearing on irrigation practice, especially when alfalfa is grown in the orch- 
ard as a continuous cover crop. The combination of trees and alfalfa re- 
quires more water than do trees alone. The writers are of the opinion that 
any benefits derived by the trees from the growing of alfalfa in this way 
are probably due to causes other than lessened transpiration, on the part 
of the tree, though this cause is often given to explain benefit to the trees 
apparently due to the cover crop. 

The writers wish to express their thanks to Dr. B. E. Livingston, of 
Johns Hopkins University, who kindly read the paper and offered many 
helpful suggestions. 

University op California, 

Davis, California 
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DOES THE PEA PLANT FIX ATMOSPHERIC NITROGEN ? 


Dean Burk 

Lipman and Taylor (3) several years ago reported the fixation of 
atmospheric nitrogen by wheat and barley plants grown in culture solutions. 
Preliminary experiments with peas grown under similar conditions did not. 
however, show a similar power of fixation. These authors stated that their 
results with peas were inconclusive, since too small a number of plants were 
grown and statistical methods were not employed. They recommended that 
further studies be made. In their experiments only twenty one-liter jars, 
each containing three pea plants, were employed ; no attempt was made to 
maintain sterile conditions ; the culture solution used was tap water of un- 
known composition except for its nitrogen content, which was 1.0 mg. per 
jar ; and since no statistical method was employed, the nitrogen contents of 
the seeds were not very accurately known. The following significant 
changes and improvements have been made in the experiments reported 
here. An adequate statistical method for the interpretation of analyses of 
seeds and harvested plants has been employed; sterile conditions have been 
maintained up until the moment of planting ; two series were run, each dif- 
fering with respect to the amounts of nitrogen supplied beyond that con- 
tained in the seed; the solutions were made up with distilled water and 
definite amounts of chemicals, and were analyzed for nitrogen both before 
and after the plants had grown in them; and at the end of the growing 
period the residual solutions were tested qualitatively for the traces of 
nitrogen contained in them. [ 

Experimental 

The general experimental procedure was much the same as that em- 
ployed by Lipman and Taylor. The Dwarf variety of Pisum sativum was 
used. There were two plants in each jar, the jars having a capacity of two ‘ 

liters. The solutions of the two series, differing from each other only with 
respect to the amounts of nitrogen, and this in the form of nitrate, were as 
follows : The salts are expressed as mols, the water as liters, and the con- 
centration as molality. 

Total con- 


Series 

KH PC) 

2 4 

MgS0 4 

CaSO 

4 

Ca(N0 3 ) 2 

H 2° 

centration 

1 No nitrate 

... 0.412 

0.364 

0.120 

none 

up to 40 

0.0224 

2 Nitrate added ... 

... 0.412 

0.364 

0.120 

0.012 

up to 40 

0.0227 


The salts were added from their molal solutions, except CaS0 4 , in which 
case 8.5 liters of a saturated solution were used. It was assumed that this 
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volume contained .120 mol. The solutions were analyzed for nitrogen by 
both the Devarda and modified Gunning-Kjeldahl methods (Davidson 
scrubbers were used), using three 200 cc. aliquots of each, and running four 
blanks on the chemicals with distilled water. The net totals of milligrams 
of nitrogen for each solution per jar were : Solution 1, 0.0 mg., solution 2, 
8.0 mg., with an accuracy of =fc 0.2 mg. Baker's analyzed chemicals with- 
out purification were employed. Two liters of solution were poured into 
each of the Mason jars, covered with a large amount of cotton, which was 
then tightly bound on, and sterilized for an hour in the autoclave at 15 
pounds pressure. The jars had been previously cleaned twice with com- 
mercial concentrated hydrochloric acid and then rinsed thoroughly with 
distilled water. They were covered with paper on the outside. New two- 
hole corks which would fit tightly into the jars were paraffined and steril- 
ized in the same manner as the jars. They were fitted into the jars at the 
moment of planting. The Dwarf pea seeds were selected to a size of 21 ± 1 
centigrams and were sterilized as follows. They were placed in HgCl 2 
(1/5000) for five minutes and then in sterilized distilled water for one hour 
and fifty-five minutes, a method suggested by Dr. Lipman. This operation 
was repeated twice. They were then placed as aseptically as possible in a 
large ten-inch sterilized Petri dish and incubated at 28 degrees for four 
days, during which time no visual trace of contamination by microorganisms 
developed. Sterile jars, solutions, corks, and seedlings were then taken to 
the greenhouse where the planting was done and where the plants remained 
throughout their entire growth period, which was 58 days from planting 
until harvest (September 27 to November 24). The peas were fitted into 
the holes in the corks with the assistance of sterilized cotton, which also 
served as a protection for the solution from the dust of the air. The only 
additional substance added to each of the jars was 5 cc. of a 0.5 per cent, 
solution of FeS0 4 , as follows : 1 cc. on the 18th day after planting, 2 cc. on 
the 25th day, and 2 cc. on the 30th day. No additional water was added. 
After harvesting, the plants of each jar were separately dried at 96° C. for 
26 to 38 hours, weighed, and analyzed for total nitrogen by the modified 
Kjeldahl method. The digestion was carried on for a full three hours. An 
aliquot of 500 cc. of the total solution remaining in each of the jars was 
analyzed in a similar manner. As these solutions were found by qualitative 
tests to contain no nitrate, the Devarda method was not employed in their 
analysis. Dilute N/50 standard acid and alkali were used when analyzing 
the solutions ; in all other cases, N/10 solutions. Hence the limits of accu- 
racy, on a basis of 0.1 cc., are 0.03 and 0.1 mg. respectively. Sufficient re- 
agents- for all Kjeldahl analyses were prepared in one large lot. The nitro- 
gen content of these reagents was determined by a sufficient number of 
blanks. At the commencement of the experiments the original lot of seeds 
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(21 ± 1 eg. each) was analyzed by the modified Kjeldahl method in 15 sets 
of 2 each. Also fifteen sets of two seedlings each were analyzed. These 
** seedlings were sterile and were six days old, two days older than those which 
were planted. The purpose of analyzing the seedlings was to determine if 
any loss of nitrogen occurred during germination. In determining the 
statistical mean of the nitrogen contents of the seeds, the results for seeds 
and seedlings, after being calculated separately for purposes of comparison, 
were then calculated together, since by so doing the accuracy of the values 
of both the arithmetical mean and the probable error was increased. 

The usual statistical methods have been employed. The probable error 
is taken to be the product of the constant, 0.6745, and the standard devia- 
& tion, all divided by the square root of one less than the number of variants. 
The standard deviation is the square root of the quantity obtained by divid- 
ing the sum of the algebraic squares of the deviations from the arithmetical 
mean by the total number of variants. The probable error of the difference 
between two means is the square root of the sum of the squares of the 
probable errors of each mean. The “minimum difference required for sig- 
nificance” is calculated by multiplying the probable error of the difference 
of the means by the usual factor 3.2. This calculated minimum difference 
when compared with the actual difference obtained shows immediately the 
exact quantitative value of the experimental results. 

The following observations were made during the growth period. The 
number of days refers to the number of days after planting. At 21 days, 
the lower portions of plants of series 1 were dying. At 25 days, the lower 
portions of all plants of series 1 were apparently dying or dead, and about 
one sixth of the plants of series 2 were similarly affected. At 26 days, one 
third of the plants of series 2 were affected. At 30 days, flowering had corn- 
s' menced, mostly in plants of series 2. At 39 days, the entire leafage of series 

1 was practically dead, becoming rather suddenly so over a period of four 
days. The flowering plants were the most alive. Nearly all the green por- 
tions of series 2 were dying also. At 42 days, all plants of series 2 and 
one half those of series 1 were sending forth new shoots on the lower por- 
tions of the tops. At 51 days, increasing green growth in series 2, but in 
series 1 the new green parts were dying again. At 56 days, the plants of 
every jar in series 2, except three, were alive, green, and healthy ; the plants 
of every jar in series 2, except two, were without green foliage of any sort. 
The solutions of all jars of both series when tested with the diphenylamine 
reagent showed that there was less than one part in ten million of nitrogen 
as nitrates; and as the tests were all negative, there presumably were no 
nitrates. As this reagent detects various forms of oxygen-nitrogen com- 
pounds such as nitrites, nitro compounds, and others, it may demonstrate 
their absence also. Tested for ammonia by Nessler’s reagent (and therefore 
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for many other amines also) all solutions, regardless of series, which con- 
tain living plants gave absolutely negative tests ; and all solutions, regardless 
of series, in which the tops have died, showed the presence of small amounts 
of ammonia. This amount however, when the volume of solution is taken 
into consideration, was 1 to 2 mg. per jar, and is therefore of significant 
proportions. The roots of the plants gave no evidence of nodules. There 
had been no aphids on any of the plants. Only a few of the plants had 
mold. In general, the ratio of root to top was approximately constant, that 
is, the larger the top, the larger the root. At 58 days, plants were harvested 
and every root examined for nodules. None were found. The majority of 
plants had flowered ; sixteen had produced pods containing seeds ,* the water 
transpired had been small, about 800 ce. per jar in series 1 (quite uniformly) 
and 800 cc. to 1,000 cc. in series 2. In none of the plants had there been 
any mortality during the first three weeks of growth. 

The analyses for the nitrogen-free solutions, and plants grown in them, 
are given in table I. Those for solutions containing nitrogen are shown in 
table II. The nitrogen content of seeds and seedlings six days old is given 
in table III, and the results are summarized statistically in table IV. 

Discussion 

Within each series, the dry weights of the plants were, quite closely pro- 
portional to the nitrogen contents, in accordance with the law of the mini- 
mum. Under these conditions of nitrogen starvation the pea plant showed 
marked avidity for ammonia and nitrate in the culture solution. 

The fact that, in Lipman and Taylor's experiments most of the plants 
lived, while in series 1 of these experiments most of the plants died, might 
possibly be explained either by the difference of the critical 1 mg. of nitrogen 
in the culture solution or by traces of an essential element which the tap 
water may have possessed. The death of plants of series 1, from all outward 
appearances, was due to physiological rather than to parasitic causes. 

The presence of excreted nitrogen in the culture solutions, together with 
the very probable and generally accepted fact that plants may lose nitrogen 
gas during photosynthesis (early shown by the researches of Sir Humphrey 
Davy, de Saussure, Eigg (4), Daubeny (1), and Draper (2), make it pos- 
sible that the pea plants in these experiments lost enough nitrogen to hide 
any evidence of fixation. See also Spoehr (5) for a recent discussion of 
nitrogen loss during photosynthesis. Such a definite explanation has often 
been overlooked in the reports of the few experiments which have been per- 
formed along lines similar to these. 

These experiments are an admirable inferential check on the positive ex- 
periments of Lipman and Taylor with wheat and barley. They indicate, 
first, the probable absence of bacterial intervention, and second, the general 
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TABLE I 

Series 1, Nitrogen free solution 


Jar number 

i 

Dry weight 

N IN RESIDUAL 
SOLUTION 

Total N in 

PLANTS AND 

SOLUTION 

Deviation 

FROM MEAN 


eg. 

mg. 

mg. 


1 

50 

1.05 

15.54 

0.42 

2 

43 

1.77 

15.54 

0.42 

3 

36 

1.17 

16.10 

0.98 

4 

55 

1.17 

14.14 

- 0.98 

5 

47 

1.05 

14.84 

-0.28 

6 

47 

1.17 

14.14 

-0.98 

7 

47 

1.50 

lost 

. ... ■ 

8 

55 

1.71 

16.52 

1.40 

9 

53 

1.05 

13.72 

-1.40 

10 

43 

1.65 

15.40 

0.28 

11 

47 

1.98 

17.78 

2.66 

12 

40 

1.05 

13.44 

-1.68 

13 

80 

0.66 

19.46 

4.36 

14 

46 

1.11 

16.24 

1.12 

15 

43 

1.50 

14.70 

-0.42 

16 

50 

0.78 

14.66 

-0.46 

17 

56 

1.05 

16.52 

1.40 

18 

36 

1.17 

13.30 

-1.82 

19 

41 

0.66 

14.52 

-0.60 

20 

47 

1.65 

15.40 

0.28 

21 

25 

1.05 

10.36 

-4.76 

22 

46 

0.99 

14.14 

! - 0.98 

23 

52 

0.84 

14.84 

-0.28 

24 

40 

1.98 

13.16 

-1.96 

25 

50 

1.44 

16.48 

1.36 

26 ; 

40 

1.44 

13.96 

-1.16 

27 

34 

1.32 

12.18 

-2.94 

28 

47 

1.05 

16.24 

1.12 

29 

40 

0.78 

15.96 

0.84 

30 

58 

0.60 

19.18 

4.06 

Mean 

46.4 

1.21 

15.12 


Probable error 

1.2 


0.24 



Volume of residual solution, 1200 it 50 cc. in every case. 
Only two jars where plants had green tops, 13, 19. 

Only two jars with no ammonia in solution, 13, 19. 
Plants larger than others, 4, 6, 8, 9, 13, 22, 30. 

Pods on, 13. 


88 


PLANT PHYSIOLOGY 


TABLE II 

Series 2. Solution with nitrate, 8 mg. N per jar in solution 


Jar number 

Dry weight 

N IN RESIDUAL 
SOLUTION 

Total N in 

PLANTS AND 
SOLUTION 

Deviation 

FROM MEAN 

31 

Cg. 

82 

mg. 

0.21 

mg. 

21.14 

- 0.41 

32 

60 

0.66 

lost 


33 

59 

0.06 

21.56 

0.01 

34 

68 

0.00 

21.56 

0.01 

35 

38 

0.00 

14.56 

- 6.99 

36 

73 

0.06 

22.40 

0.85 

37 

87 

0.06 

22.96 

1.41 

38 

72 

0.36 

18.34 

-3.21 

39 

72 

1.08 

20.58 

-0.97 

40 

72 

0.30 

21.98 

0.43 

41 

60 

0.63 

21.84 

0.29 

42 

72 

0.42 

20.82 

-0.73 

43 

69 

0.00 

21.98 

0.43 

44 

69 

0.30 

19.46 

-2.09 

45 

75 

0.36 

20.82 

-0.73 

46 

84 

0.06 

21.98 

0.43 

47 

71 

0.06 

21.14 

-0.41 

48 

90 

0.21 

21.00 

-0.55 

49 

66 

0.06 

20.40 

-1.15 

50 

70 

0.06 

17.36 

-4.19 

51 

104 

0.21 

20.82 

-0.73 

52 

75 

0.03 

20.82 

-0.73 

53 

97 

0.03 

24.36 

2.89 

54 

102 

0.78 

24.08 

2.53 

55 

78 

1.08 

23.94 

2.39 

56 

91 

0.72 

24.22 

2.67 

57 

92 

1.08 

22.54 

1.99 

58 

95 

0.45 

23.94 

2.39 

59 

75 

0.06 

27.16 

5.61 

60 

83 

0.06 

22.68 

1.13 

■ 


— 



- — - 

Mean 

73.4 

0.31 

21.55 


Probable error 

1.8 


0.30 



Volume of residual solution (± 50 ee.) 1200 cc., 32, 33, 35, 39; 1000 ee., 54; 1100 ce., 
the remaining jars. 

Only jars without green tops, 35, 39, 50. 

Only jars with ammonia in solution, 35, 39, 50. 

Plants smaller than others, 35. 

Pods on, 32, 40, 41, 43 (two), 44, 47, 48, 51, 53, 54, 57, 58, 59. 
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TABLE III 

Nitrogen content of seeds, and seedlings six days old 


Seeds 

Seedlings 

Set number 

N 

Deviation 

FROM MEAN 

Set 

number 

N 

Deviation 

FROM MEAN 


mg. 



mg. 

-0.47 

1 

16.24 

-0.43 

1 

15.96 

2 

18.48 

1.81 

2 

16.10 

-0.33 

3 

15.82 

-0.85 

3 

16.38 

-0.05 

4 

16.80 

0.13 

4 

15.26 

-1.17 

5 

17.22 

0.55 

5 

15.68 

-0.75 

6 

16.82 

0.13 

6 

16.66 

0.23 

7 

15.96 

-0.71 

7 

17.50 

1.07 

8 

14.70 

-1.93 

8 

15.26 

-1.17 

9 

18.62 

1.95 

9 

19.60 

3.17 

10 

18.62 

1.95 

10 

19.20 

1.77 

11 

16.84 

0.17 

11 

14.70 

-1.73 

12 

15.54 

- 1.13 

12 

17.78 

1.36 

13 

18.86 

2.19 

13 

13.86 

-2.57 

14 

14.66 

-2.01 

14 

17.54 

1.11 

15 

15.82 

-0.85 

15 

15.82 

-0.61 

Mean 

Probable error 

16.67 

.242 



16.43 

,257 

i". ■ 



Seeds and seedlings together: Mean 16.55; probable error 0.19. 


TABLE IV 

Statistical summary of results 


Determinations 

Series 1 

Series 

2 

N 

Dry weight 

N 

Dry 

WEIGHT 


mg. 

Cg. 

mg. 

Cg. 

Original solution 

.0 


8.0 


Original seed 

16.55 ± 0.19 

42. 

16.55 ± 0.19 

42. 

Total initial 

16.55 ± 0.19 

42. 

24.55 ± 0.19 

42. 

Total final 

15.12 ± 0,24 

46.4 ± 1.2 

21.55 ± 0.30 

73.4 ± 1.8 

Probable error of dif- 





ference of means 

± 0.30 


± 0.36 


Loss during growth 





period 

1.43 ± 0.30 


3.00 ± 0.36 


Gain during growth 





period ! 


4.4 zt 1.2 


31.4 ± 1.8 

Minimum difference re- 





quired for signifi- 





cance 

0.96 


| ■ 1.15 


Per cent, gain or loss... 

-9.6 

+ 10.5 

-12.2 

i 

+ 74.8 
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sufficiency of their technique, in a manner, it may be added, which would 
he hard to equal. 

Summary 

The Dwarf variety of Pisum sativum when grown under the general 
conditions stated, either in the absence or in the presence of additional 
nitrogen in the original culture solution, and with sterile conditions main- 
tained up until the moment of planting, has shown upon statistical treat- 
ment of the experimental results a small unqualifiable loss of nitrogen . 
This nitrogen was not lost during germination, but afterwards, during the 
growing period of the plant. 

The writer wishes to express appreciation of suggestions offered by 
Dr. Charles B. Lipman. 

Division of Plant Nutrition,- 
University of California. 


LITERATURE CITED 

1. Daubeny, Charles. On the action of light upon plants, and of plants 

upon the atmosphere. Phil. Trans. Roy. Soc. London. 126: 149- 
176. 1836. 

2. Draper, John W. On the decomposition of carbonic acid gas and the 

alkaline carbonates by the light of the sun; and on the tithonotype. 
Phil. Mag. 23: 161-176. 1843. 

3. Lipman, C. B., and Taylor, J. K. Do green plants have the power of 

fixing elementary nitrogen from the atmosphere 1 J our. Franklin 
Inst. 198: 475-506. 1924. 

4. Rigg, Robert. On the evolution of nitrogen during the growth of plants, 

and the sources from whence they derive that element. Phil. 
Trans. Roy. Soc. London 128 : 403-408. 1838. 

5. Spoehr, H. A. Photosynthesis, p. 233. Chemical Catalog Co. 1926. 



THE DETERMINATION OP POLYSACCHARIDES 1 

Because of the complexity of the polysaccharides, our knowledge of them 
is much less definite than our knowledge of the simple sugars, and this is 
strikingly reflected in the relative indefiniteness of the methods for deter- 
mining them. In most cases, they need to be hydrolyzed to simpler sub- 
stances as a preliminary step. Since the hydrogen ion is the universal 
catalyst for these hydrolyses, and since in most cases several polysac- 
charides occur concomitantly, the decided lack of specificity of determina- 
tions is evident. The most hopeful direction of improvement is in the 
development of biochemical methods, involving the use of specific micro- 
organisms and enzymes. 

In the following discussion it has been the aim of the committee to indi- 
cate the methods which are available for determining a given substance, 
and, where possible, to suggest the preferred one. Working directions are 
not given since the original citations are readily available, and since in 
many cases the committee ? s choice of a method may not be the one adopted 
by the investigator. 

Cellulose 

The determination of true cellulose is a laborious procedure, and has 
been applied almost exclusively to the analysis of wood and paper. The 
one usually used is the chlorination method of Cross and Bevan, as per- 
fected by Schorger (19). Its success depends largely upon the proper 
grinding of the material. Twigs have been ground very handily in a pen- 
cil sharpener (11). 

The old method for crude fiber, used in the proximate analysis of feeds, 
is at times useful in physiological investigations (28). It gives a rough 
idea of the cellulose of the tissues, and is much more easily carried out than 
the method for true cellulose. 

Starch 

Preliminary treatment . — It is the consensus of opinion among biological 
chemists that a starch determination must be preceded by an extraction of 
the material with dilute alcohol to remove the simpler carbohydrates. This 
holds not only in materials which are obviously relatively high in sugar and 
dextrins and low in starch, such as succulent tissues, but also in such mate- 
rials as cereal grains, where the sugars are present in very small quanti- 
ties (14). ’The concentration of alcohol and the details of procedure differ 

1 Separates of the various sections of the report of the Committee on Methods of 
Chemical Analysis of Plant Tissues can be purchased at nominal cost from the chairman 
of the committee, Dr. W. E. Tottingham, Agricultural Chemistry Building, University 
of Wisconsin, Madison, Wisconsin. 
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with the material involved, 2 but use of alcohol much more concentrated than 
50 per cent, is liable to precipitate dextrins. 

Gelatinization . — The residue from the alcohol extraction is freed from 
all but traces of alcohol, and to it is added sufficient water to make a thin 
suspension. The concentration of the suspension will depend on the starch 
content, and will be varied so as to allow for proper aliquoting for subse- 
quent analysis. Boiling at ordinary pressure is used, and in general is to 
be recommended over autoclaving. If the material is ground rather fine, 
the latter treatment is unnecessary. 

Saccharification . — -Diastase in one form or another is very much to be 
preferred over acid for converting the starch to sugar, because of the more 
specific action of the enzyme. Takadiastase has been successfully used by 
several careful investigators (6, 22). Although Horton (12) questions its 
reliability in some eases, it is generally conceded to be a trustworthy and 
convenient hydrolysant for analytical work. Salivary diastase was used by 
Tottingham and Gerhardt (23). The most commonly used source of 
diastase is barley malt. The principal precautions in its use are to obtain 
very active malt, to grind it fresh before extraction, to make careful blank 
determinations, and to test the solution for the absence of starch and 
dextrin. 

When the analyst is satisfied that starch is practically the only poly- 
saccharide in his material which is hydrolyzable by dilute hydrochloric acid, 
or when for other reasons he wishes to include some hemicelluloses in his 
hydrolysis, the diastase treatment may be replaced by heating the material 
at about 100° C. with about 2 per cent, hydrochloric acid, for from 1 to 3 
hours. The strength of acid used has varied with different workers, but 
since the process is empirical the above average strength may be accepted 
as suitable in most cases. The time of heating employed has varied with 
the nature of the material ; since this is also empirical it is either decided 
upon arbitrarily by the analyst, or, by means of trial hydrolyses, he deter- 
mines the proper time for his particular material. 

After saccharification of the starch it is customary to boil and filter the 
material, and then perform an acid hydrolysis on the filtrate. This is 
because all preparations of diastase contain some maltase ; hence the hy- 
drolysate contains a mixture of maltose and glucose, and a simple deter- 
mination of reducing sugars will not suffice. Davis and Daish (6) solved 
for the two sugars by means of a simultaneous equation. It is simpler, 
however, to remove interfering polysaccharides by filtration, or by alcoholic 
precipitation (25) and filtration, and then to hydrolyze the filtrate by boil- 
ing with approximately 2 per cent, hydrochloric acid for 2.5 hours, and 
determine the resultant sugar as glucose. 

2 See previous report of this committee, Plant Physiol. 1 : 397-402. 1926. 
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Results should be reported in terms indicative of the method used ; that 
is, as starch if diastase is used, otherwise as acid hydrolyzable material in- 
cluding starch. 

Clarification . 3 — It has usually been considered necessary to clarify all 
sugar solutions before analysis by either polariscopie or chemical means. 
Morris and Welton (15) question the necessity of clarifying all materials, 
as do Willaman and Davison (27) in using the picrate method. The 
safest procedure is for the analyst to determine for his own material whether 
clarification is required. Tungstic acid and phosphotungstic acid (IB) 
have been used to clarify sugar solutions, but neutral lead acetate is still 
the commonest reagent for this purpose. Deleading should be brought 
about with di-sodium phosphate, as it is least likely to cause the occlusion 
of sugars by the precipitate (9). 

Determination of reducing sugars . — The analysis of the final hydrolysate 
can be carried out by any of the methods for reducing sugars given in a 
subsequent section of the report of this committee. 

Hemicelluloses 

It is regrettable that this ill-defined group of carbohydrates is still in a 
very unsatisfaetoiy state as regards methods for its dissection and analysis. 
The group is roughly defined as including insoluble polysaccharides and 
related compounds which are hydrolyzed by boiling with dilute mineral 
acids ; in other words, it contains pentosans, pectins, galactan and mannan. 
Some of these can be determined separately. The latter is greatly to be 
desired, and, indeed, its importance cannot be over-emphasized. The usual 
reason for embodying a number of these substances in the same analysis is 
that they represent reserve food materials in plant tissue. This, however, 
is largely an assumption, since we have only circumstantial evidence that 
this is the ease. In any event, such group determinations give little indi- 
cation of changes in proportion of constituents. 

The group reagent for hydrolyzing the hemicelluloses differs with dif- 
ferent investigators. Usually it is a dilute hydrochloric acid solution, such 
as 3 per cent. (24), 1 per cent. (21), and 0.5 per cent. (22). With some 
tissues, however, sulphuric acid seems to be preferable (23). The length 
of time of hydrolysis varies, but is usually from 1 to 4 hours. The conclu- 
sion seems to be warranted from the data at hand that each investigator 
should make a preliminary study of his material to ascertain what acid, 
what strength of acid, and how long a time of boiling are necessary to give 
the maximum amount of reducing sugars without appreciably affecting the 
true cellulose. Since the method is empirical, the following values are 
recommended either for direct use or as a basis for a series of trials: 2 per 

3 For details see report of this committee on determination of simple sugars. 
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cent, hydrochloric acid for 2.5 hours, at 100° C. These unknown factors 
and uncertainties emphasize the desirability of separating the individuals 
of this group, instead of employing a blanket method. After hydrolysis 
the solution is neutralized, clarified, and the reducing sugars determined 
by any method preferred. 

Some progress is being made in the biological analysis of tissues, whereby 
specific substances are removed by enzymes or by micro-organisms. This 
appears to be a fruitful field for investigation, but no recommendations are 
as yet warranted. 

Pentosans 

There are two general methods for analyzing for the pentosans. One is 
the old “official 7 * method of converting the pentosans to furfural and de- 
termining the latter in the distillate. The other is their hydrolysis to 
pentoses and the determination of the latter by copper reduction, after 
fermenting away the coincident hexoses. The first, or phloroglueinol 
method, is admittedly subject to many errors; but the only improvement on 
it, the method of Pervier and Gortner (17), is rather cumbersome to carry 
out. The fermentation method has been apparently successful in the hands 
of several investigators (5, 21, 23) . This method is based upon the assump- 
tion that pentoses are not destroyed by yeast. Several strains of pure yeast 
have been found to attack the pentoses after fermentation of the hexoses. 
and hence the method is reliable only when the action of the yeast is stopped 
as soon as the fermentation of hexoses is complete. 4 Mrs. Abbott (1) has 
made an extensive study of the method and has found many pitfalls which 
must be avoided. The most important precautions are to use pure cultures 
of yeast, to adjust the medium to the proper acidity, and to test aliquots 
from time to time for the completion of the fermentation. Pure cultures 
can be secured from American Type Culture Collection, 637 South Wood 
Street, Chicago. 

Galactan and mannan 

These substances have not received much attention from the standpoint 
of analytical methods. Galactan is usually oxidized to mucic acid by means 
of nitric acid. Mannan is converted to mannose, and the latter quantita- 
tively to its hydrazone. The reader is referred to the work of Dore (7) 
and of Schqrger (20), respectively, for details of those methods. 

Inulin 

Inulin and the inulides are hydrolyzed to fructose, and the latter deter* 
mined polarimetrically or by reduction (13). 

4 Private communication by C. 0. Appleman. 
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Pectins 

The determination of the peetic substances is in an unsatisfactory con- 
dition, probably due to the fact that we have so little definite- information 
about their composition. There was a time when one was limited to pre- 
cipitating the pectin from solution by adding two volumes of alcohol, and 
weighing the precipitate. The latter contained protein, enzymes, and gums 
as well as pectin, hence the method was quite unsuitable. Then as more 
knowledge of the composition of the pectins was gained, other more specific 
methods were proposed. 

von Fellenberg (10) proved that methyl alcohol is a constituent of 
all pectins ; and as he believed it occurred in a constant ratio, he proposed 
to determine pectin by analyzing for methoxyl. It has been shown, how- 
ever, that pectins from various sources differ in their methoxyl content, and 
hence this method is invalid. Wichmann (26) proposed to saponify the 
pectin with alkali, precipitate the pectic acid with HC1, boil with the latter, 
and weigh the precipitated pectic acid. The objection to this method is 
the fact that furfural is always obtained by the action of HC1, and this 
represents a disintegration of the pectin molecule. Carr^d and Haynes (3) 
made exhaustive extractions of the finely ground tissue, usually as many 
as sixty extractions being required. The pectin thus dissolved was saponi- 
fied, forming sodium pectate. The pectic acid was freed by acetic acid, and 
precipitated as the calcium salt. The latter was weighed as such. Besides 
being extremely laborious, this method is open to the criticism that the cal- 
cium pectate is probably not uniform in composition and that it occludes 
other substances. Ahmann and Hooker (2) took advantage of the facts 
that soluble pectin has several carboxyl groups, either free or esterified, and 
that when pectin is boiled with excess of alkali a quantity of the latter will 
be absorbed which is proportional to the amount of pectin present. Their 
method is direct and simple, and gave results on pectin preparations com- 
parable to those by the Carre-Haynes method. Dore (8), and Nanji, 
Paton and Ling (16) boiled pectin with HC1 so as to remove C0 2 from the 
carboxyl group of the galaeturonic acid units of the pectin. The C0 2 was 
determined by weight or by titration. Although this was found to be- an 
accurate method for galaeturonic acid, it was not for pectin, probably be- 
cause of a varying content of this substance in the pectin. Finally, Conrad 
(4) has developed a way of extracting the insoluble pectic compounds of a 
tissue with ammonium citrate and with very dilute HC1, and determining 
the resultant pectic acid by the method of Carre and Haynes. 

It is impossible for the present committee to make a definite recom- 
mendation. The Ahmann-IIooker method appeals because of its sim- 
plicity. It is probably more important at present to investigate the pectin 
molecule and to devise methods than it is to try to analyze tissues quantita- 
tively for pectins. 
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BRIEF PAPERS 


APPARATUS FOR CONTINUOUS DIALYSIS AT LOW 
TEMPERATURE 

(WITH ONE FIGURE) 

The authors have had occasion to carry out on a considerable scale the 
dialysis of plant tissue fluids, and have found the apparatus here described 
very convenient and effective. It can be used at any temperature, but in 
our work has been used in conjunction with a cold chamber to check enzyme 
action in the juice. 

The supply of distilled water is provided by an ordinary still kept run- 
ning during dialysis. The water enters at W (fig. 1), dropping through a 
layer of toluene T floated on the surface of the water in R, a carboy. R 
and R' act as reservoirs. The dialyzing system is enclosed in F, a “frig- 
idaire” box in which the cold temperature is automatically held within 
fairly close limits. The water is cooled by passing through C, which may 
consist of a coil of block tin tubing, or a number of bottles in series. The 
bottle B is provided with a siphon adjustable for height at A. This siphon 
is of relatively small bore and requires 3 or 4 minutes to empty the contents 
of B into the diffusion vessel V. The latter has a large-bore siphon, which 
empties the contents of V into the drain I) in less than one minute. The 
inner end of the large siphon drops into a small sump in the bottom of V, 
thus insuring the complete emptying of this vessel. 

The diffusion vessel V is filled with water to the bend in its siphon. 
When B begins to discharge into V, the large siphon of the latter vessel is 
automatically brought into operation. The quick draining of V breaks the 
action of its siphon a few moments later, allowing the vessel to be refilled 
at once by the remaining discharge from B. The frequency of water 
changes in the diffusion vessel is regulated by the stopcock S, and also by 
drawing out to a small bore the end of the supply tube entering B. After 
the system has been adjusted, we have found that it will continue without 
further attention, changing the water once every hour for several days. 

The size of the different containers may be varied to suit conditions. In 
our work the diffusion vessel accommodates twelve dialyzing tubes, each of 
100 cc. capacity. Any change in the number or volume of the tubes used 
would of course necessitate a change in the adjustment of the upper siphon 
at A. In practice we have found it more convenient to keep the number 
of tubes constant, simply filling with water those not required in any par- 
ticular experiment. — R. Newton and W. M. Martin, University of Alberta 
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A LABORATORY METHOD OF PREPARING STARCH FROM 

MAIZE SEED 1 

Preparations of maize starch of a high degree of purity have been ob- 
tained from the seed by adapting the essential processes involved in the 
commercial manufacture of this product to laboratory conditions. The 
method may be extended to other grains by modification of certain steps in 
accordance with the nature of the fatty and proteinaceous substances 
present. 

Clean maize seed placed in battery jars is steeped in a solution of sul- 
phurous acid of a concentration of 1° B. (1.007 sp. gr.) for 24 hours at a 
temperature of 40° C. At higher temperatures, not to exceed 60° 0., the 
time may be shortened. During the period of steeping, the strength of the 
solution is kept at approximately 1° B. by addition of further sulphurous 
acid from a stock solution. The sulphurous acid affords antiseptic condi- 
tions, has a pronounced bleaching effect, and so softens the grain that the 
starch is readily separated from the materials in which it is embedded. 

The softened grain is then washed with water and ground in a meat 
grinder fitted with medium plates. Binding in the machine may be pre- 
vented by the addition of a little water from time to time. By kneading 
the wet pulp in a double layer of cheesecloth the starch fraction is worked 
through, leaving most of the embryo and pericarp tissue behind. A consid- 
erable portion of the remaining non-starch particles is removed by washing 
with water on a metal sieve having 100-120 meshes per inch. The crude 
starch is allowed to settle and the supernatant liquid is siphoned off. 

Purification is effected by treatment with alkali. Enough water is 
added to the crude starch to make a flowing paste. This paste is poured 
slowly, with constant stirring, into about 5 volumes of a solution of NaOH 
not exceeding 0.45 per cent, in strength. A concentration of 0.70 per cent. 
NaOH gelatinizes starch very quickly and makes the separation of impuri- 
ties very difficult or impossible. The mixture should be well stirred for 
half an hour, and further agitated at intervals over a period of 3 or 4 hours. 
The starch is allowed to settle, and the supernatant liquid containing the 
major portion of the impurities soluble in dilute alkali is siphoned off. The 
solid residue is washed with water and again allowed to settle. 

The partially purified starch is taken up with distilled water and stirred 
thoroughly. If allowed to settle for a period of 10 to 15 minutes the coagu- 

i Papers from the Department of Genetics, Agricultural Experiment Station, Uni- 
versity of Wisconsin, No. 69. Published with the approval of the Director of the 
Station. 
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lated alkali-insoluble proteins fall to the bottom and the supernatant liquid, 
containing the starch in suspension, is siphoned off. This process is re- 
peated three times. Alkali-soluble impurities still present, and the NaOH, 
remaining, may be removed by again suspending the starch in water and 
allowing it to settle 3 or 4 times over a period of two days. The last wash 
water should be clear and give a P H of 6 to 7. 

Finally the starch is placed over filter paper in a Buchner funnel and 
treated with 95 per cent, alcohol followed by successive portions of absolute 
alcohol to dehydrate. Fatty substances still present are removed by wash- 
ing the water-free starch with ether. The starch is dried in crystallizing 
dishes at approximately 40° C. 

Analysis of a sample of starch prepared by this method from common 
maize showed 0.035 per cent, nitrogen. A lot of waxy maize starch, which 
stains reddish-brown with iodine, prepared side by side with the above sam- 
ple contained 0.013 per cent, nitrogen. — R. A. Brink and F. A. Abegg, 
University of Wisconsin , Madison , Wisconsin . 



■ THE ACTION OP ETHYLENE IN ACCELERATING THE 
BLANCHING OP CELERY 

Preliminary experiments to date have been concerned with the follow- 
ing points : 

1. The effects of various concentrations of ethylene on the rate of 
blanching, on the crispness and flavor, and on the storing quality of the 
celery. 

2. The effect of the treatments on the acidity of the celery juice, as an 
indicator of physiological changes in the plants. 

3. The action of ethylene on the rate of respiration of the celery. 

4. The effect of removal of carbon dioxide, a product of respiration, on 
the blanching process, and also the effect of excess amounts of carbon diox- 
ide, as an index of the role of by-products of respiration. 

Concentrations varying from one part of ethylene in 500 of air, to one 
part in 50,000 of air, have been used. The most rapid and complete blanch- 
ing took place where the lower concentrations were used. Very little dif- 
ference w T as apparent between 1 : 25,000 and 1 : 50,000; these concentrations, 
however, were much superior to the stronger ones (1 : 2500 to 1 : 500) , which 
showed little more blanching than the untreated check. The larger amounts 
of ethylene, particularly the concentration of 1 : 1,000, produced an injury 
characterized by splitting of the stalks on the inner surface, and pronounced 
pithiness of the stalks thus split. 

The acidity of the celery juice was apparently not changed by the 
ethylene treatment. Differences in flavor were evidently not caused by the 
accumulation within the plants of by-products of respiration. 

The rate of respiration was more than doubled by exposure to ethylene, 
as compared to the rate for untreated celery. The most rapid respiration, 
as indicated by the amount of carbon dioxide given off, took place in th.e 
sample exposed to one part of ethylene in 50,000 of air. In other words, the 
most rapid respiration was accompanied by the best blanching. Samples 
exposed to this concentration of ethylene were the most crisp and tender, 
but were the most subject to rot. 

The removal of carbon dioxide by the use of calcium oxide and potassium 
hydroxide increased the rate of blanching and also the amount of rot. In 
the presence of very high concentrations of carbon dioxide, ethylene at the 
rate of 1 : 10,000 failed to produce any blanching at all. 

These facts indicate that ethylene accelerates the blanching process by 
stimulating the activity of enzymes normally concerned with the breaking 
down of various compounds in the plant. With this in view, further studies 
are being initiated on the effect of ethylene on the enzymes of the celery 
plant, particularly oxidase, peroxidase, catalase, protease, cellulase, and 
pectase. — W. B. Mack, Division of Vegetable Gardening , Department of 
Horticulture , State College , Fa. 

103 




NOTES 


The Philadelphia Meeting. — The third annual meeting of the American 
Society of Plant Physiologists was held at Philadelphia, December 28-31, 
1926. The various sessions were held in the Veterinary Laboratories of the 
University of Pennsylvania, and in various other buildings in connection 
with joint meetings with Ecologists, Horticulturists, and the Physiological 
Section of the Botanical Society of America. The meetings were well at- 
tended, even though the meeting room was located inconveniently for those 
who desired to migrate from one meeting to another. The meeting Tuesday 
morning, December 28, was one of the finest ever held by any biological 
group, and set a standard that will be difficult to excel. The program com- 
mittee deserves high praise for its work in arranging the invitation papers 
and others in groups somewhat related as to subject matter. The only re- 
grettable feature was the fact that two groups of plant physiologists were 
meeting simultaneously, so that no one could hear all the papers. If all 
such meetings could be made joint meetings, held in a single room, so that 
anyone could hear all the papers if he so desired, it would be a good step 
forward. 

Summer Meeting. — For two years the Corn Belt Section of the Amer- 
ican Society of Agronomy and the Physiologists have held joint meetings in 
July. It had been proposed to hold a meeting at Purdue University this 
summer, but in view of the fact that the Agronomists will probably hold a 
meeting there within a year or two, the executive committee decided that 
it would be better to hold no summer meeting in 1927. This leaves us free 
to concentrate upon the next annual meeting, to be held at Nashville, Ten- 
nessee, in December, 1927. Every member should plan to attend the Nash- 
ville meeting. 

Life Membership Award. — The first award of the Charles Reid Barnes 
Life Membership was made at the banquet of the American Society of Plant 
Physiologists on the evening of Wednesday, December 29, 1926. The So- 
ciety, at the suggestion of the committee charged with making the selection, 
has conferred the honor of life membership in the Society, honoris cmsa , 
upon Dr. Burton Edward Livingston, Professor of Plant Physiology at 
the Johns Hopkins University since 1909, and Permanent Secretary of the 
American Association for the Advancement of Science since 1920. A full 
account of the award has been published in Science. Each year a new link 
in this living memorial to Dr. Charles Reid Barnes will be added, and the 
banquet should prove a happy and appropriate time for making the an- 
nouncement of the award. 
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Errata. — An occasional error creeps into every publication. The ideal 
of the Editorial Committee of this journal is to produce a publication as 
nearly free from mistakes of any kind as is humanly possible. We call 
attention to the small list of errata listed in connection with the table of 
contents of Volume I. Those who possess the journal should make the cor- 
rections at the place where they occur. We invite all of our readers and 
contributors to call to the attention of the editors any error found in Plant 
Physiology, in order that proper corrections may be made. 

Condition of the Society. — The growth of the American Society of 
Plant Physiologists has been truly remarkable during the past year, and 
the new year starts under the most favorable auspices. The membership 
numbers nearly 250, and the library subscriptions exceed 100 at the begin- 
ning of the second year of publication. The income of the Society during 
1926 was more than sufficient for current needs, and we have a small sur- 
plus of Volume I, which will bring some hundreds of dollars into the 
treasury when completely sold out. Few scientific organizations have ever 
had such a promising start, in connection with the publication of a high 
class journal. 

Back Numbers. — Institutions, libraries, and individuals who may de- 
sire to own a complete file of Plant Physiology should take steps at once 
to acquire the first volume. The conservative policy of the Executive Com- 
mittee and the Editorial Committee led to the publication of only a small 
number of copies of Volume I, a strictly limited edition. The surplus left 
is not nearly large enough to give each American plant physiologist the 
opportunity to own one. The large demand for it was not anticipated, and 
as a result there is imminent danger of exhaustion of the first volume. 
Those who are interested in Plant Physiology should not wait to be invited 
to join the Society, but should write to the Secretary, Dr. S. V. Eaton, 
Department of Botany, The University of Chicago, and make application 
for membership. Ten dollars will procure volume I while it lasts, and give 
the member all of the 1927 issues. 

Fifth National Colloid Symposium. — The fifth National Colloid Sym- 
posium will be held at the University of Michigan, Ann Arbor, June 22-24, 
1927. It has been customary to invite some distinguished investigator as 
the guest of honor. This year Dr. H. E. Kruyt, of the University of 
Utrecht, has been invited to lead the discussions. These meetings have beep 
very stimulating in the past, and biologists will find much of value in the 
discussions. Anyone interested in colloidal phenomena is welcome to attend 
the meetings. There are no fees of any kind, and the fellowship is un- 
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usually cordial among the attendants of these symposia. Dr. Kruyt will 
remain at the University of Michigan for the summer session and will offer 
an opportunity for special courses in colloid chemistry. 

Hydrogen Ion Concentration. — The second German edition of L. 
Michaelis’s Wasserstoffionenkonzentration has been translated into English 
by Dr. W. A. Perlzweig, of Johns Hopkins University, and thus a most 
excellent book becomes generally available to the students in this country. 
Already familiar to many of us in the German, the book needs no detailed 
description. The first part deals with the chemical equilibrium of the ions, 
and the second part with the ions, particularly the hydrogen ions, as sources 
of electric potential differences. Each part consists of five chapters. The 
book considers the theoretical problems of equilibrium and potential differ- 
ence in a very helpful way, and supplements in an excellent manner the 
manual by Clark. It is published by Williams and Wilkins, Baltimore, 
Md., in handsome binding. Price, $5.00. 

Manual of Plant Diseases. — The best text yet produced for the student 
of phytopathology has been written by Dr. F. D. Heald, of the Washington 
State College. The book is also of considerable interest to plant physiolo- 
gists because it contains a number of chapters on the so-called physiological 
diseases of plants. Section II is entitled ‘ 4 Non-par asitic Diseases, 77 and 
contains chapters on diseases due to deficiencies of food materials in the soil ; 
diseases due to excesses of soluble salts in the soil; diseases due to unfavor- 
able w r ater relations ; diseases due to unfavorable air relations ; diseases due 
to high temperatures ; diseases due to low temperatures ; diseases due to un- 
favorable light reactions ; diseases due to manufacturing or industrial proc- 
esses ; and disease due to control practices. There is also a section on virus 
diseases. From this classification one can see that there is no such thing 
as an undiseased plant. 

Physiologists will probably take the point of view that these matters 
belong, also, in texts on plant physiology. Certainly the material ought to 
be a part of the physiological work in every laboratory in the country. 
These diseases after all are only the “normal 77 response of the plant to the 
given environment, and progress in the elucidation of these physiological 
responses will be more rapid if well trained physiologists take an interest 
m the investigation and presentation of the facts regarding these causes of 
physiological breakdown. Physiologists have been too slow to take advan- 
tage of the practical and economic aspects of their work. 

The book, which is excellently done, should be a possession of all who 
desire to keep abreast of the advances in the field of phytopathology. The 
price is $7.00, and the publishers, McGraw-Hill Co. 
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Palladin’s Plant Physiology. — The Livingston translation of this work 
has appeared in the third English edition. It is essentially the same as 
the second edition, but has had the editorial notes revised to include some 
more recent references. The list of cited literature at the beginning of the 
volume has been nearly doubled in size, and the book will no doubt continue 
to be useful to students of plant physiology. P. Rlakiston’s Son and Co. 
are the publishers, and the price is $4.00. 

Surface Chemistry. — Surface phenomena play a very large role in 
biological processes, and this “Introduction to Surface Chemistry/ 7 by 
Professor Eric K. Bideal, Humphrey Owen Jones Lecturer in Physical 
Chemistry at Cambridge University, should be a very useful volume to the 
physiologist. The preface is by Dr. P. G. Donnan, of University College, 
London, who emphasizes the importance of the “two dimensional 77 molecu- 
lar world, the existence of which has been revealed by the pioneer work of 
Lord Rayleigh, Marcelin, Hardy, Langmuir, Adam, and Rideal. The 
survey of this rapidly developing field is admirably executed, and the book 
should be in the hands of all whose studies involve a knowledge of surface 
chemistry. 

The first two chapters deal with surface tension of liquids, and solu- 
tions, while the third chapter discusses the surface films of insoluble ma- 
terials. The succeeding three chapters take up the interface phenomena 
in liquid-liquid, gas-solid, and liquid-solid interfaces. The seventh chapter 
deals with differences of potential at interfaces, and chapter eight considers 
the problems of stability in suspensions and emulsions. The final chapter 
is devoted to gels and hydrated colloids, such as silica gel, gelatine, proteins, 
soaps, and colloidal dyes. 

The book is published by the Cambridge University Press, and may be 
ordered from the Macmillan Co., New York. Price, $5.50. 
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III. THE PARTITION OF NITROGEN IN THE LEAVES, ONE 
AND TWO YEAR BRANCH GROWTH AND NON-BEARING 
SPURS THROUGHOUT A YEAR’S CYCLE* 

Walter Thomas 
(WITH FOUR FIGURES) 

Introduction 

Osbobne and his colleagues (23) in discussing the status of plant chem- 
istry state : “It is true that we know a multitude of products derived from 
plants, and we know much of the chemistry of these, but this knowledge 
consists mostly of isolated facts which contribute comparatively little to a 
knowledge of the chemical make-up of the plant as a whole.” This situa- 
tion is due to the fact that the largest contributions to our knowledge of 
the compounds formed by plants have emanated from investigators in 
the chemical laboratories of large pharmaceutical manufacturing estab- 
lishments who have vigorously prosecuted research in this direction for 
the purpose chiefly of isolating products of interest and value in thera- 
peutics. Such investigations are not concerned with the energetics or dy- 
namics of the plant, i . e., with the functions and fate of the compounds 
isolated, in their relation to the response of the plant to the internal con- 
ditions existing during successive stages of their life cycle, by whatever 
means these may have been produced. 

The theories of Liebig, though shown later to be false, spurred the early 
agricultural chemists and physiologists to carry out a prodigious amount 

* Published with the approval of the Director of the Agricultural Experiment Sta- 
tion as scientific paper no. 428 and contribution no. 29 from the Department of Agri- 
cultural and Biological Chemistry. 
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of work on the quantitative changes of the various elements' — ions — ab- 
sorbed by the plant throughout the principal vegetative periods. Much 
of this work is abortive because the methods then used do not conform to 
modern standards of accuracy. The rapid advances during the last two 
decades in the chemistry of proteins and the products of their hydrolysis 
necessitates the investigation of the function of nitrogen with the appli- 
cation of this newer knowledge. 

Scope and limitations of this investigation 
The investigation of the dynamic systems produced by the large num- 
ber of chemical reactions which have given rise to the various nitrogen 
compounds in the plant, and of the function of the individual groups in 
metabolism, is a laborious task involving much observational and analytical 
work. A quantitative measure of the changes undergone by the various 
nitrogen groups throughout a year’s cycle is outlined in this paper. But 
what specific role is played by each in the metabolic cycle and in what 
manner their activity can be controlled are problems for further investi- 
gation. In the next paper it will be shown in what manner fertilizer ap- 
plication of an inorganic salt like NaNO a can modify the seasonal changes 
in some of the principal nitrogen fractions. 

It is doubtful if, in the present state of our knowledge, all the data 
accumulated in these investigations can be interpreted. A great deal of 
information and insight, however, can be obtained with respect to the trans- 
formations taking place and also to the relationships of the various frac- 
tions to one another. The bearing of the results presented in this paper 
to practical horticulture has been presented in a previous report (37). 
It is of interest to note that no relationship could be discovered between 
either temperature or sunshine or rainfall or humidity and any of the ni- 
trogen fractions. 

The content of soluble nitrogenous constituents of the cells from aerial 
parts of Pyrus mains is relatively low (35 J ; thus, only seven to ten per 
cent, (depending upon the season of the year) of the total nitrogen of the 
leaves is soluble in water. This is the case whether the soluble cell prod- 
ucts are obtained by means of cytolytic agents or by direct extraction 
with water. In these investigations preference is given to the latter method 
(35). Since nothing was to be gained by any further investigation of 
the soluble cytoplasmic proteins (36), the next logical procedure appeared 
to be an examination of the met abolically active or reactive phases of the 
products of the nitrogen transformations. These are measured by quanti- 
tative determinations, during a year’s cycle, of the fluctuations of the 
various groups of nitrogen fractions soluble in water. The relationships 
of these fractions to one another and to any external factor or factors 
have also been investigated. 
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CATALYSERS IN GROWTH AND REPRODUCTION 

The classical investigations of Emmerling (10) had indicated the re- 
lationship of amino-acids and amides to the synthesis of proteins, but 
their role in growth had not been stressed until MacDougal and Spoehr 
and McGee postulated that amino-aeids and amides were the principal 
fractions influencing the rate of growth by functioning as catalytic agents, 
either by increasing the hydration capacity of the pentosan-protein col- 
loids, as suggested by the former (21), or by accelerating the rate of car- 
bohydrate katabolism, as indicated by the latter (33). 

Although the investigation in vitro (even in a crude and rough fashion) 
of the course of definite reaction types, with the hope of discovering anal- 
ogies between them and the complicated processes in the cell, may furnish 
valuable clues, nevertheless the extension and generalization of dogmatic 
interpretations and conclusions from experiments like MacDougax/s, car- 
ried out in vitro to processes in vivo, must be made with considerable reser- 
vation. Moreover, in Spoehr and McGee's experiments dealing with the 
effect of feeding glycoeoll on the stimulation of the rate of respiration and 
carbohydrate consumption, the plants and also excised leaves were sub- 
jected to more complete shading than would occur under normal growth 
conditions ; hence, the conclusions drawn are hardly applicable to the nor- 
mal processes of the plant. Again, the behavior of nitrogenous compounds 
as catalytic agents is not peculiar to amino-acids, for Dakin (9) found that 
not only amino-acids but also peptone could be used to catalyse certain 
condensations at low temperatures, and Knoevenagel (cited by Dakin, 
loc. cit. p. 50) found that even organic bases (diethylamine, piperidine, 
aniline, and other bases) could be used to bring about a number of syn- 
theses, at low temperatures, such as the union of aldehydes and peptones; 
and substances containing the - CO - CH 2 . CO - group. Since the other 
nitrogen fractions, viz., ammonia, amides, peptides, basic compounds and 
also those unclassified nitrogen compounds that do not respond to the tests 
in any scheme thus far developed for partitioning the complex nitrogenous 
compounds of plants — the so-called “rest” N fraction — are shown in these 
experiments to take part in the nitrogen transformation during the vege- 
tative cycle, the specific role of each fraction in relation to the synthesis 
and degradation of proteins, and, therefore, in the growth and reproduc- 
tion processes must also be considered. The present investigations indi- 
cate that these “rest” N compounds may play as important a role as the 
amino-acids. The action of catalyzers is attributed to their capacity to 
exist in different states of oxidation. Nitrogen, copper, manganese and 
iron, for this reason, are especially active catalytic agents. Cook (6) has 
given evidence from which one may deduce that iron and copper are the 
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prime oxidation catalysts in cell metabolism. The stressing of the im- 
portance of amino-acids has had the unfortunate effect of leading some to 
believe that determination of these acids may indicate or be a measure of 
the vigor of growth; but this hypothesis is not borne out in the present 
investigations. It is possible, therefore, that the “rest” N compounds and 
possibly other fractions may play a role equally as important as amino-acids. 

Materials and methods 

Eliminating variables. — Since the different parts of a fruit tree ap- 
pear to behave as independent units (1, 19) and because variations of com- 
position occur from the tip to the basal part of the shoot (39), the elimin- 
ation of all controllable variables is essential. For this reason, in all ex- 
perimental work involving analyses, fertilizers should be applied uniformly 
around the root system and care exercised to sample the tree uniformly. It 
is obvious, also, that if comparisons are to be made between two or more 
trees they should be of the same age and variety, growing in a homogenous 
soil. These principles were adhered to in these investigations. 

Difficulties inherent to analytical investigations in perennial 
woody plants. — Harvey and Murneek (14) have discussed the analyti- 
cal difficulties of experimental work with woody perennials such as fruit 
trees in comparison with herbaceous annuals like the tomato. Eeference 
has been made to one of the disadvantages, viz., the behavior of the dif- 
ferent parts of fruit trees as independent units; another disadvantage lies 
in the relatively small percentage of active tissue present, in consequence 
of which special refinement in analytical methods is essential. Still an- 
other difficulty that is not encountered in herbaceous plants lies in the rela- 
tive alteration in the proportions of wood to bark with age. The ratio of 
wood to bark varies from the apex to the base of the branch in the sense 
that it increases with the age of the growth. A determination of the abso- 
lute changes in magnitude of any group or constituent throughout the 
vegetative cycle is, therefore, precluded. However, relative fluctuations 
and especially the direction of these changes, as influenced by external 
factors, can be studied. The difficulty of the wood-to-bark ratio may, in 
part, be overcome by separating the bark from the wood and analyzing each 
separately ; but even this method is not free from criticism, for during the 
interval required to separate the bark from the wood enzymatic changes 
can take place that might seriously affect the results. Analyses have been 
made both with and without separation in these investigations, with the 
result that no advantage is derived from such a separation. Moreover, the 
interpretation of results is not changed by the method of procedure in this 
respect, because, although the bark is higher than the wood in total nitro- 
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gen, it is lower in most of the water-soluble fractions ; consequently, when 
the curves for amino-acids and amides, for example, are drawn for the 
wood and the bark separately throughout the cycle, the relative increase in 
mass of wood to bark is counterbalanced by the somewhat higher amounts 
of these fractions in the wood compared with the bark. 

A St ay man Winesap tree, 15 years old, in the “off” bearing year, of 
known history and performance, growing in sod in the College Experi- 
mental Orchard, was used in this investigation. It received an applica- 
tion of 5 lbs. NaN0 3 on April 7, 1923. The desirability of restricting the 
work to one tree is obvious as a means of eliminating variability. Al- 
though a composite sample of a number of trees, provided they were of 
the same variety and age, if available, would give larger samples, thus 
facilitating analytical work, the possible advantages to be gained by this 
procedure would be counterbalanced by the disadvantages attendant upon 
the inability, in a preliminary investigation, to focus attention upon the 
behavior of one plant. 

Samples of leaves, non-bearing spurs, and branches of three different 
ages (one year, two years, and three to seven years) were taken at eleven 
dates between June 18, 1923, and June 11, 1924. The sampling was done 
at times when the meteorological (rainfall and humidity) conditions had 
been favorable for three consecutive days preceding the taking of the 
samples. The diurnal variations which occur in the tissues of the apple 
tree were found to be small compared with the seasonal changes. They 
were avoided by always taking the samples at the same time of the day, 
in the early morning. Although a small decrease occurred in the total 
nitrogen at night, no changes could be observed in the total water-sol- 
uble products during this period. 

Fractionation methods 

The method of extraction has already been described (35). Some in- 
vestigators effect the extraction of nitrogenous constituents by means of 
boiling water. This method is, however, objectionable not only because 
a certain degree of peptonization of proteins may take place, but many 
nucleins are decomposed by boiling water with formation of hypoxan- 
thine, etc. (30). Water at 40° C. was used for the extraction in this in- 
vestigation. 

Any method of separating the nitrogen fractions will necessarily be 
based upon the work of the army of investigators who have contributed 
to our knowledge of the analysis of proteins and their hydrolytic prod- 
ucts. Among the contemporary workers who have sought to apply the 
nitrogen distribution methods to heterogeneous compounds of plant ori- 
gin should be mentioned Chibnall, Williams, and the Illinois group 
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(Hamilton, Grindley, and colleagues), who have contributed numerous 
papers in this field. 

Two different methods of separation have been used by the writer as 
a basis for the characterization of the various non-protein fractions. These 
two methods are, for clarity, represented here diagrammatically. 

The two schemes differ with respect to the rigor of the hydrolysis, re- 
sulting in a differentiation with respect to (a) the distribution of the 
mono-amino- and the di-amino-acids, and (l) of the substances deter- 
mined as amide N. Most of the complex peptide linkings would be decom- 
posed by the stronger hydrolysis with 20 per cent. HC1, so that whereas 
the amide N in fractionation scheme I includes the combined as well as 
the free - CO - NH 2 groups, the mild hydrolysis adopted in fractionation 
scheme II gives as amide N only asparagine and other similarly consti- 
tuted acid amides, i. e., those having the - CO - NH 2 group free. Again 
in scheme I the free amino (both mono- and di-) and also the combined 
amino N (both mono- and di-) are determined separately, whereas in 
scheme II compounds containing the combined di-amino N groups are 
precipitated with the bases. The latter fractionation method will, there- 
fore, give only the free mono-amino N. 

A group of not very clearly defined nitrogenous compounds, viz., the 
so-called “humin” and “ melanin ” fractions are separated in both frac- 
tionation methods. The origin of the “humin” N from the hydrolysis 
of proteins has been studied by Gortner et al (11, 12, 13, 16). The term 
“melanin” N is used by the writer to denote the compounds precipitated 
by Ca(OH) 2 or Mg(OH) 2 . It represents the nitrogen belonging to the 
acid pigment-like bodies found in the sap of plants. Morrow and Gortner 
(22) believe that this nitrogen may also be derived from the calcium salts 
of the purine and pyrimidine bases. This, however, is questionable, for 
the barium salts of the pyrimidines are quite soluble as are also some of 
the alkali earth salts of the purines like thiobromine sodium. 

As already mentioned, there remains in both fractionation schemes a 
group of nitrogen compounds, usually designated as “rest” N or “other” 
N, which do not respond to the tests in any scheme thus far developed 
for determining the partition products. This residual N cannot represent 
identical nitrogen compounds in the two methods. Thus, in scheme I the 
“rest” N will represent the difference between the total non-protein N 
and the sum of the ammonia, free (mono- and di-) amino, combined 
(mono- and di-) amino, free and combined amide and also “humin” nitro- 
gen; while in scheme II, based on the Hausmann (15) separation of the 
mono- and di-amino acids by phosphotungstic acid (H. P. W.), the “rest” 
N will represent the difference between the total non-protein N and the 
sum of the ammonia, free mono-amino N, asparagine N (amide N) (28). 
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basic N and “humin” N. These basic nitrogen compounds comprise the 
derivatives of trimethyl-amine, hygrine, adenine, choline, betame, stachy- 
drine; the purine bases ; and also the basic di-amino compounds like argi- 
nine, histidine, lysine and cystine. 

The first fractionation scheme then determines both mono- and di-amino 
acids, but the bases and di-amino acids are removed by phosphotungstie 
acid in the second fractionation method, and which, accordingly, estimates 
only the mono-amino acids. It will be shown in a later paper that the 
“rest 5 ’ N compounds of scheme II are higher throughout the cycle than 
those of scheme I. This indicates (a) that the peptide combinations pres- 
ent in these filtrates are not precipitated by phosphotungstie acid, though 
doubtless, as found by Vickery (43), some polypeptides may be precipi- 
tated by phosphotungstie acid; or (b) that the combined mono- and di- 
amino N compounds (i. e., compounds containing peptide linkages) are 
present in the non-protein fraction in much larger amounts than the basic 
nitrogen; or .(c) that a portion of the “rest” N fraction has undergone 
decomposition during the more vigorous hydrolyses adopted in scheme I. 
Thus, Chibnall (3) found in his starvation experiments that hydrolysis 
with strong acids completely decomposed the “rest” N compounds, half 
their nitrogen appearing as ammonia N and about one-third as bases. 

Without going into details respecting the nature of the substances pre- 
cipitated by phosphotungstie acid, from the literature of the subject (18, 
24, 31), it is certain that a variable product is obtained, depending to 
some extent on the concentration of the solution, and even in the case of 
the decomposition products of pure proteins , other decomposition prod- 
ucts besides the purines and the di-amino acids, histidine, arginine, and 
lysine appear to be precipitated by phosphotungsic acid, according to 
conditions. Probably leucine and tyrosine may also be precipitated (31). 
Kiesel (18) under the conditions of precipitation used by him found both 
phenylalanine and aspartic acid in the phosphotungstie acid precipitate. 
These results are undoubtedly due to the working conditions. Since the 
phosphotungstates of some amino acids are relatively insoluble, as a pre- 
cautionary measure, it is always desirable to dilute to a large volume be- 
fore attempting separation of the bases (42). 

The first fractionation scheme was adopted in the 1923-24' experiments 
which are described in this paper and the second scheme in the experi- 
ments to be described in a later paper. Although undoubtedly superior 
to the second scheme, from the standpoint of accuracy, the first method 
possesses the disadvantage of being time-consuming, owing to the addi- 
tional separations required. 
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Details of analytical procedure 

Attention is called at the outset to the fact that nitric N was found 
only at one period — just as the buds are opening’. This point has been 
described fully elsewhere (38). 

( a ) Ammonia N. — This includes the ammonia of ammonium salts and 
is usually described in the literature as “free” ammonia for the purpose of 
differentiating between this ammonia and that formed by the hydrolysis 
of amides. Inasmuch as the protein-iron gel (35) is more readily filtered 
if heated, and inasmuch as a slight decomposition of peptides occurs under 
certain not well-defined conditions, it is advisable to determine ammonia on 
a 200 cc. aliquot of the original extract denoted as (A), before removal of 
the water-soluble proteins. The determination is best carried out in the 
apparatus and by the method described by Van Slyke (40) . It is only fair 
to state here, since it is not generally known, that the method for ammonia 
N is essentially that described by Longi (20), who distilled at a temperature 
of 38-40° C. with Mg(OH) 2 . He noted that neither nor asparagine 
were decomposed under these conditions. The writer prefers solid CaO 
(26) to MgO for the reason described later. 

( b ) Free mono- and di-amino N. — The removal of the “free” am- 
monia must be first carried out as described under (a) from a 500 cc. aliquot 
of the filtrate previously freed from soluble proteins in the manner already 
described (35). This 1 filtrate freed from proteins is denoted as (B.) CaO 
is now better substituted for MgO. It is advantageous to use only a very 
slight excess of solid CaO, the exact amount being determined by a prelimi- 
nary titration (26). With this precaution little or no frothing occurs in 
the Van Slyke apparatus during the determination of amino N. Pure 
CaO is recommended in preference to MgO because in the experience of the 
writer the former occludes or absorbs more of the pigments to which most 
of the frothing can be attributed. No success was obtained with secondary 
octyl (caprylie) alcohol (even twice redistilled, B. P. 131° C.) which has 
been recommended for the purpose of reducing the surface tension and, 
consequently, the frothing (41). The blanks from this reagent, due pre- 
sumably to the evolution of some gas that is not absorbed by the alkaline 
permanganate mixture, were found too high to justify its use in the de- 
termination of the relatively small amount of amino N measured in these 
experiments, 

A small and somewhat variable quantity of nitrogenous matter will al- 
ways be precipitated, occluded or absorbed by the CaO, This is “melanin” 
N and is removed by filtration and washed with hot water; the filtrate, 
which is denoted as (C), is acidified with acetic acid and afterwards con- 
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centrated under a pressure of 15 mm. to about 15 ec. using a Claissen 
flask (40). In this concentrated solution a further precipitate contain- 
ing Si, Al, Ca, Na and K salts usually separates out. This precipitate 
is removed by filtration and the filtrate, which is denoted as (D), made 
up to a definite volume prior to its introduction into the Van Slyke micro- 
apparatus (40, 41). 

The writer has confirmed Spoehr and McGee's observations (32) with 
respect to the alleged interference of carbohydrates in the nitrous acid 
method (cited by Spoehr and McGee, loc. cit . p. 34, footnote). The de- 
termination of the amino N in aspartic acid was not altered by the pres- 
ence of glucose or fructose. 

(c) Free and combined amide N. — A definite volume of concentrated 
HC1 sufficient to give a 20 per cent, solution is now added to the remainder 
of the original filtrate (B) containing the non-protein nitrogenous constit- 
uents, i.e to the extract remaining after the removal of the aliquots for 
the determination of free and combined amino N as under (b) above. The 
mixture is then hydrolyzed for twelve hours with the usual precautions; 
after the removal of the HC1 in vacuo (40) the residue is taken up in water 
and distilled in vacuo with a slight excess of solid CaO. A titration of the 
distillate gives both the “free” ammonia N and the “free and combined” 
amide N. The difference between the titration values for ammonia obtained 
as described under (a) and (c) gives the “free and combined” amide N. 
The solution still remaining in the flask is denoted as (E). 

(d) Combined mono- and di-amino N. — The solution (E) left in the 
flask from the determination of the free and combined amide N (c) is fil- 
tered from the CaO “melanin” nitrogenous material, washed, and the com- 
bined filtrates and washings (F) acidified with acetic acid and concentrated 
in vacuo to a volume of about 15 cc. A determination of the amino N in 
this gives the “free” and also the “combined” amino N. The latter, which 
is indicative of the complexity of the peptide linkings, is determined by 
the difference in the values obtained in this determination and that given 
under (6). 

Experimental results 

The results of the analyses by the foregoing methods are given in the 
following tables. Table I gives the percentages of imbibitional and total 
water in branches of different ages, and in the short spurs and leaves. 
Table II shows the water-soluble nitrogenous constituents of the leaves, 
branches of different ages, and short spurs. The partition of the non- 
protein fraction is shown for various collecting dates in percentages of the 
green weight and dry weight. 
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TABLE I 

THE PERCENTAGE'S OF IMBIBITIONAL AND TOTAL WATER 


One- YEAR BRANCH GROWTH 


Series 

NO. 

Collecting date 

Fresh 

weight 

Dry 

weight 

Imbibitional 

WATER 

Total 

WATER 

1 

June 18, 1923 

gm. 

55.0 

gm. 

26.3 

Per cent. 
52.1 

Per cent. 
57.6 

7a 

July 16, 1923 

102.0 

50.7 

50.3 

55.3 

15 

August 17, 1923 

41.8 

20.5 

51.0 

56.5 

27 

September 17, 1923 

129.0 

60.0 

53.5 

56.7 

34 

October 15, 1923 

104.0 

52.5 

50.0 

54.7 

46 

November 20, 1923 

125.0 

66.2 

47.0 

51.8 

56 

April 12, 1924 

120.0 

62.0 

48.3 

54.0 

64 

April 21, 1924 

80.0 

40.0 

50.0 

54.0 

80 

April 28, 1924 

69.0 

34.3 

50.7 

54.0 

98 

May 13, 1924 

90.0 

40.0 

55.6 

57.9 

118 

May 22, 1924 

57.0 

23.0 

59.6 

61.0 

143 

June 11, 1924 

56.0 

23.8 

57.5 

58.0 


Two-year branch growth 


Series 

NO. 

Collecting date 

Fresh 

WEIGHT 

Dry 

WEIGHT 

Imbibitional 

WATER 

Total 

WATER 

03 

June 18, 1923 

gm. 

75.0 

gm. 

35.4 

Per cent. 
52.8 

Per cent. 
54.2 

7 

July 16, 1923 

150.0 

75.0 

50.0 

54.0 

19 

August 17, 1923 

69.5 

33.8 

52.0 

54.5 

31 

September 17, 1923 

167.0 

87.0 

47.9 

53.7 

38 

1 October 15, 1923 

155.0 

85.0 

45.2 

50.7 

47 

November 20, 1923 

161.0 

87.0 

44.7 

49.8 

57 | 

April 12, 1924 

65.0 

35.1 

46.0 

48.0 

65 

April 21, 1924 

82.0 

45.0 

45.1 

51.1 

97 

April 28, 1924 

125.0 

67.0 

46.4 

52.4 

119 

May 22, 1924 

132.0 

65.0 

50.8 

54.8 

147 

June 11, 1924 

140.0 

70.0 

50.0 

53.8 
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Older growth 


Series 

NO. 

Collecting date 

Fresh 

weight 

Dry 

weight 

IMBIBITIONAL 
' WATER 

Total 

•WATER 

4 

June 18, 1923 

gm. 

210.0 

gm. 

110.4 

Per cent. 
47.4 

Per cent.’ 
52.3 

8a 

July 16, 1923 

230.0 

118.4 

48.4 

52.3 

14a 

August 17, 1923 

199.1 

101.0 

49.3 

51.6 

32 

September 17, 1923 

174.0 

98.0 

48.0 

50.2 

39 

October 15, 1923 

632.0 

297.0 

47.0 

50.1 

49 

November 20, 1923 

455.0 

244.0 

47.0 

50.2 

58 

April 12, 1924 

367.0 

202.2 

44.9 

50.6 

66 

April 21, 1924 

165.0 

89.0 

46.1 

49.5 

82 

April 28, 1924 

239.0 

133.0 

44.3 

51.7 

99 

May 13, 1924 

196.0 

100.0 

48.9 

53.2 

121 

May 22, 1924 

183.0 

96.0 

47.5 

j 53.1 

148 ) 
148a) 

June 11, 1924 

f 419.0 

1 127.0 

J 236.0 
} 58.0 

( 43.7 
|54.3 

1 52.4 


Short spurs 


Series 

NO. 

Collecting date 

Fresh 

WEIGHT 

Dry 

WEIGHT 

IMBIBITIONAL 

WATER 

Total 

WATER 

5 

June 18, 1923 

gm. 

31.0 

gm. 

15.1 

Per cent. 
51.3 

Per cent. 
57.0 

7 

July 16, 1923 

35.0 

16.8 

52.0 

55.3 

17 

August 17, 1923 

26.5 

11.4 

47.0 

53,0 

29 

September 17, 1923 

37.0 

20.2 

47.5 

51.2 

37 

October 15, 1923 

121.0 

65.2 

46.3 

51.3 

48 

November 20, 1923 

72.0 

31.5 

44.0 

48.8 

63 

April 12, 1924 

58.0 | 

30.0 | 

48.3 

54.0 

69 

April 21, 1924 

54.0 

26.5 

51.9 

57.5 

83 

April 28, 1924 

38.0 

19.0 

50.0 

58.7 

96 

| May 13, 1924 

15.0 

8.0 

46.7 

50.8 

122 

May 22, 1924 

22.0 

9.0 

49.1 

lost 

149 \ 

150 ] 

June 11, 1924 

C 2.5 
(5.5 

f 1-9 

X 2.7 

S' 24.0 
( 50.9 

46.0 
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Leaves 


Series 

Collecting date 

Fresh 

Dry 

Imbibitional 

Total 

NO. 

WEIGHT 

weight 

water 

WATER 

01 ) 
001 f 


gm. 

gm. 

. 

Per cent. 

Per cent. 

June 18, 1928 

38.0 

17.2 

.. 

54.8 

57.0 

6 1 
6a f 

July 16, 1923 

242.0 

111.2 

■ 

54.1 

63.0 

18 l 
20 ] 

August 17, 1923 

127.0 

51.8 

59.§ 

65.5 

28 } 
30 ] 

September 17, 1923 i 

406.0 

185.1 

52.4 

59.0 

35 ) 

36 f 

October 15, 1923 

516.0 

245.0 

52.9 

60.5 

50 

j November 20, 1923 

95.0 

48.4 

49.1 

55,2 

100 

May 13, 1924 

47.0 

13.0 

72.3 

75.0 

119a ) 
123 } 

| May 22, 1924 

72.0 

lost 

lost 

lost 

144 

June 11, 1924 

50.2 

18.6 

62.5 

66.5 

205 

August 17, 1924 

150.0 

58.2 

61.2 

65.0 


Accuracy and limits of error 

The errors of sampling could not be determined on account of the 
necessity for conserving the material, but the determination of the ac- 
curacy and limits of error of the analytical data has been made by ex- 
pressing, as a percentage of the mean, the differences obtained in certain 
duplicate analyses. These are given in table III. 

The total N shows a maximum difference of 0.58 per cent., the water- 
soluble N of 1.50 per cent., and the “free” mono- and di-amino N of 5.20 
per cent. The experimental error in the “free” amino N is higher than 
that of the total nitrogen and total water-soluble N, because of the smaller 
amount of nitrogen determined. 

Since the amide N is determined from the difference between the total 
NH 3 before and after hydrolysis, this determination will carry the errors 
of the ammonia determination also. It shows a maximum difference of 
7.15 per cent. From the foregoing it is clear that all fluctuations in the 
nitrogen fractions can be regarded as significant. 

Discussion and conclusions 

(a) Total nitrogen 

In general, the total nitrogen of the leaves (fig. 1) follows the course 
found for this species by other investigators (2, 17) ; these changes will, 
therefore, not be elaborated upon here, except to point out that the change 
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TABLE II — {Continued) 

Amount of water-soluble nitrogenous substances present in the leaves, 1923 branch growth, 1922 branch growth, short spurs, and 

THE PARTITION OF THE NON-PROTEIN PORTION EXPRESSED AS PERCENTAGES OF FRESH AND DRY WEIGHTS, RESPECTIVELY 
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TABLE III 

Differences obtained in certain duplicate determinations as percentage 

of the mean 


Series no. 

Total N 

Total water- 
soluble N 

Mono- and di- 
amino N 

Amide N 

6 

0.58 

1.20 

5.20 

6.00 

15 

0.44 

1.40 

3.40 

3.10 

19 

0.50 

0.35 

1.80 

2.00 

28 

0.32 

0.00 

4.00 

7.15 

34 

0.00 

0.50 

0.25 

2.30 

48 

0.18 

1.50 

3.40 

0.80 

98 

0.32 

0.75 

o 

oq 

CO 

[ 

1.50 


in direction observed in September has occurred at approximately the 
same period every year the experiments were in progress. It is probably 
due to the diminished requirement of the branch growths for the nitrogen 
synthesized by the leaves. 

The evacuation of nitrogen from the leaves in the fall. — 
This so-called “Ruckwanderung” or autumnal evacuation of nitrogen 
from the leaves to the branches in the fall has been asserted and as vigor- 
ously denied (8). Much of the difficulty in interpretation, however, can 
be attributed to the fact that in many instances attempts have been made 
to draw conclusions from analysis of the leaves only, omitting analysis 
of the perennial parts. Both Combes (4, 5) and Rippel (27) have recently 
reported an extensive study of this phenomenon in young oak and beech 
trees. According to the former, the migration of nitrogenous substances 
commences as soon as the leaves turn yellow, slowly at first and then more 
rapidly. This is not in agreement with the results of Rippel (hoc, cit.) 
nor of the writer ; these latter clearly indicate that the evacuation of nitro- 
gen in the leaves is not initiated suddenly at the onset of yellowing hut 
much earlier. If the decrease commenced just as soon as yellowing oc- 
curred it might be argued that, since the nitrogen present in the leaves 
depends upon the difference between the amount of protein synthesized 
and that utilized in growth and respiration, and that, inasmuch as pro- 
tein synthesis decreases in the autumn owing to the degeneration of the 
ehloroplasts, this affords an explanation of the migration provided re- 
moval goes on at the normal rate. However, since there is sufficient evi- 
dence ( loc . cit.) to indicate that the decrease in nitrogen may occur be- 
fore degeneration of the ehloroplasts occurs, this migration cannot be due 
to the same causes as that which occurs normally during the life of the 
tree, but must be distinct from the normal process. Admittedly, it is 



THOMAS — NITROGENOUS METABOLISM 


127 



Fig. 1. Total nitrogen of the leaves, short non-bearing spurs, one-year, two-year 
and older branch growth as percentages of the fresh weight. June, 1923, to June, 
1924. 

difficult to understand. Schertz (29) has shown that a draft on the nitro- 
gen of the leaf by the younger tissues leads to a decomposition of nitrogen 
compounds of the leaf including proteins, phospho-lipines and chloro- 
phyll, the decomposition of the latter producing mottling. With the loss 
of chlorophyll accompanying autumnal coloration, the yellow pigments 
increase at its expense due to the combination of the phytol that is split 
off from the chlorophyll with sugars to form carotin and xanthophyll 
(cited by Schertz, loc. cit . p. 124). There can be no doubt, however, that 
whatever the cause, the present investigations confirm the existence of this 
migration phenomenon. The concurrent increase in nitrogen during this 
period in the short spurs, one year, two year and older branch growth, 
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which results from the evacuation from the leaves can readily be seen 
from an inspeetion of the analyses and fig. 1. The actual increase is 
probably greater than that shown if one allows for the relative increase 
of wood to bark. When the phenomenon of autumnal migration of nitro- 
gen is considered in relation to the great demand of the shoots in the 
spring, as discussed above, this whole process may be looked upon as an 
expression of nature’s method of conservation in the use of nitrogen. 

The period of vegetative growth. — Many investigators (9) have 
observed that a large decrease of nitrogen occurs in the older parts during 
the initiation of vegetative growth. Fig. 1 shows that during the period 
between the beginning of vegetative growth and the blossoming of the tree 
the loss of nitrogen from the branches is very large. The development of 
the buds and the formation of the new leaves are dependent upon the 
“ reserve proteins accumulated in the branches; a great expenditure of 
nitrogen compounds is thus required for growth of these parts. In some of 
the older tissues over half of the available stored nitrogen supply is given 
up to the young shoots, leaving a deficiency of nitrogen in these organs until 
this is supplied by the activity of the roots later in the spring. 

A consideration of composite curves discussed elsewhere (37), showing 
the sum of the percentages of nitrogen in the leaves and in the one to seven 
year old branch growths, indicates that after active growth has ceased 
(third week in June) a condition of nitrogen equilibrium exists in the per- 
ennial parts until fall migration of nitrogen from the leaves commences. 

Changes during the dormant period. — The so-called dormant period is 
obviously accompanied by certain metabolic changes, for during this period 
with a mean daily temperature of 33.5° F. (the mean maximum being 35.5° 
F. and the mean minimum 20.2° F.) the total nitrogen in the short non- 
bearing spurs, one-year and two-year wood, decreased 11, 15 and 20 per 
cent., respectively. 

During the commencement of the period of sap flow the nitrogen in- 
creased nearly 10 per cent, in the one-year wood and 18 per cent, in the 
two-year wood, and then during the rapid development of the shoot 
the nitrogen decreases rapidly in all parts due to the withdrawal of 
nitrogen stored in the phloem, as already stated. Compared with the quan- 
tities found when the tree entered the rest period, this amounts to a de- 
crease of 32 per cent., 29 per cent., 21 per cent, and 22 per cent., respec- 
tively, in the short spurs, one-year branch growth, two-year branch growth, 
and older growth. 

The form in which this decrease takes place cannot be measured by the 
changes in the water-soluble fractions taken at two periods only, because 
these are too small to account for the decrease involved. Apparently, there 
must be a continual degradation of the insoluble cytoplasmic proteins and 
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a transference to the older perennial parts throughout the whole dormant 
period. 

(b) Partition of nitrogen in the leaves 

In the leaves, the fluctuations (see figures 2 and 3) of the water-soluble, 
the non-protein, and also of the free and combined amino-nitrogen fractions 
vary inversely to their course in the branch growth throughout the whole 
cycle. The amide N does not appear to follow this or any other definite 
relationship. This inverse relationship in the leaves and branches between, 
the groups mentioned is difficult to interpret because, although it is possible 
to express the data from the leaves on both an absolute and a percentage 
basis, the results on the branch growth cannot be so stated unless the entire 
tree is taken for analysis and this is impracticable in experiments of this 
type. Fig. 3 shows that the total water-soluble, the free (mono- and di- 
amino), and also the free and combined amide nitrogen parallel the total 
nitrogen of the leaves throughout the cycle; the “rest” N usually varies 
inversely to them. 

Although the amide N (free and combined) and also the “rest” N 
decrease in the fall during the period of migration of nitrogen from the 
leaves to the branches, the other fractions, e.g the total water-soluble, the 
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non-protein, and the free (mono- and di-) amino-nitrogen decrease rapidly. 
The significance of this, to which reference will be made again, indicates 
that the “rest” N may have a close relation to protein degradation in the 
leaves (3). It is possible that nitrogen is translocated in the form of these 
“rest” N compounds. The water-soluble nitrogen is low throughout the 
cycle and varies inversely to the “rest” N. The significance of this is 
apparent. 



Fig. 3. The non-protein N, free and combined amino 1ST, free amino N and amide N 
of the leaves as percentages of the fresh weight. 

(c) Partition of nitrogen in the branch growth 

The decrease in total nitrogen in the one- and two-year branch growth 
during the period of mobilization of reserve proteins (bud swelling) is 
accompanied by a rapid rise in the total water-soluble' non-protein nitrogen, 
in the free amino, and also in the “rest” nitrogen fractions, the amide N 
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decreasing during this period (fig. 4). Possibly the increase in the amino 
N at this time may indicate that translocation in the flowing sap takes 
place during this period ■ as amino-acids. That the transportation of 
the reserve material to the tissues during the germination of wheat seed- 
lings takes place in large measure as free amino-acids has been shown by 
Pettibone and Kennedy (25) and is thus analogous to the manner in which 
the proteins of the blood stream are transported to the tissues of animals. 
However, the fact that the “rest” N also parallels the amino N in magni- 
tude and direction at this period indicates the importance of the role that 
these unknown fractions may also play. Both Chibnall and Prianisch- 
nikow (see ref. 43, p. 660) affirm that asparagine is the form in which 
nitrogen is translocated from one part of the plant to another, but, as 



Fig. 4. Total water-soluble N, non-protein N, amino N, amide N, and “rest” N of 
one-year branch growth as percentages of the fresh weight. 
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pointed out by Vickery (43), the presence of a number of other amino- 
acids found by him in appreciable amounts in alfalfa sap may indicate that 
the translocating processes are not so simple as that indicated by Chibnall 
and Prianischnikow. It is expected that some additional light will be 
thrown on this subject later in the present series of investigation on Pyrus 
mains. 

The sharp decrease in total nitrogen occurring in the one- and two-year 
branch growth and non-bearing spurs, between the beginning of vegetative 
growth and the period of blossoming, is accompanied by a rapid decrease 
in the total water-soluble, non-protein, and free amino nitrogen, but a 
gradual increase in the amide N. This seems to indicate that the material 
for the development of flowers was being drawn rapidly from the “reserve” 
proteins in the form of amides. 

During the period of active growth, the water-soluble non-protein nitro- 
gen, including the amino N, again increases. The fact that the amide N 
simultaneously decreases may indicate its connection with the utilization 
of amide N in protein synthesis. At times throughout the cycle the amide 
and amino N show inverse relationships. Since there is evidence (34) to 
indicate that in the germination of seeds amide N is formed from amino N, 
some such relationship may hold throughout in these experiments but may 
be masked at times by the difficulties involved in drawing sharp distinction 
between the groups. When active growth is over both the total water- 
soluble nitrogen and the non-protein nitrogen, including the amino and 
amide N, decline rapidly until the fall evacuation from the leaves com- 
mences. During this process of migration of nitrogen both the water- 
soluble and non-protein nitrogen increase up to the last sampling (Novem- 
ber 20). The course of the fluctuation of the non-bearing spurs follows 
that of the one- and two-year branch growth. 

During the so-called “dormant” period the amide N has increased but 
the amino N has decreased 1 . A small amount (0.13 gm.) of a substance 
corresponding to the properties of asparagine was isolated from the 1923 
dormant branch growth by a method to be given in a later paper. 

Since asparagine contains both the - CO • NH 2 and - NH 2 groups, the 
latter in the a-position, it is clear that other amino-acids are (as would be 
expected) present ; otherwise the amide and amino N would always parallel 
one another throughout the cycle. In a later investigation an attempt will 
be made to identify the amines and amides present. 

■ . ■ 'Summary 

The quantitative changes of the principal nitrogen fractions in the non- 
bearing spurs and in the one- and two-year branch growths and leaves may 
be summarized : 
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I. Period op bud swelling 

(a) Branches and mon-bearing' spurs. — Total nitrogen, total water- 
soluble nitrogen, non-protein nitrogen, amino N and “rest” N increase; 
amide N decreases. 

II. Period of commencement op vegetative growth 

(a) Branches and non-bearing spurs. — Total nitrogen, total water- 
soluble nitrogen, non-protein nitrogen and amino N decrease ; amide N in- 
creases. 

III. Period of active growth 

(a) Branches and non-bearing spurs. — Total nitrogen, total water- 
soluble nitrogen, and amino N increase ; amide N decreases. 

IV. Period of cessation of active growth 

(a) Branches and spurs. — Total nitrogen, total water-soluble nitrogen, 
non-protein nitrogen, amino N and “rest” N decrease; amide N increases. 

(b) Leaves. — For the first period to the middle of August, the total 
nitrogen, total water-soluble nitrogen, non-protein nitrogen, amino N and 
amide N decreases; the “rest” N remains unchanged. During the second 
period to the middle of September, all the aforementioned fractions in- 
crease except the “rest” N which decreases. 

V. Period of chlorophyll degeneration 

(a) Branches and non-bearing spurs. — Total nitrogen, total water- 
soluble nitrogen, non-protein nitrogen and amide N increase ; amino N de- 
creases. 

(b) Leaves. — Total nitrogen, total water-soluble nitrogen, non-protein 
nitrogen and amino N decrease; amide N and “rest” N increase. 

From these variations certain specific facts showing some of the more 
definite relationships have been discussed. These are : 

1. The total nitrogen and the various partition fractions of the leaves 
vary with growth, decreasing when growth is very rapid. The total water- 
soluble nitrogen, the non-protein nitrogen and the amino N parallel the 
total nitrogen throughout the cycle; the amide N and the “rest” N tend 
to vary inversely as these fractions. Since the total nitrogen parallels the 
insoluble nitrogen and since the latter consists 1 chiefly of the insoluble 
cytoplasmic protein (33), this may be regarded as supporting Chibn all's 
contention (3) that amino N is connected with protein synthesis and the 
“rest” N with protein degradation. 

2. The total nitrogen and the partition groups of the “ wood ” growth 
(spurs and branches) also vary with growth, increasing when it is rapid. 
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The total nitrogen decreases rapidly from the period of bud swelling to 
the period of full bloom, and the amount of the decrease is indicative of 
the demands of the young shoots for nitrogen stored in the phloem. 

3. The indications are that during bud swelling the reserve proteins 
are transported to the actively growing parts in the form of amino-acids. 

4. There can be no question as to the phenomenon of autumnal migra- 
tion of nitrogen from the leaves to the branches in this species. Storage is 
mainly in the one- and two-year growths. 

5. In the aerial parts nitric N (nitrates) was found only at one period, 
viz., in the buds just as they were opening. 

6. In this species nitrates are transformed to amino-acids for the most 
part in the fine roots. 

7. The soluble protein nitrogen is very small throughout the cycle. 

8. Ammonia nitrogen is very low throughout the cycle. 

9. Nitrogen equilibrium is just about maintained by the application of 
5 lbs. of NaNOg to a 15-year-old Stayman Winesap tree growing in sod. 

10. The importance of the possible role by the “rest” N compounds is 
pointed out. The results tend to confirm Chibn all's theory that they are 
connected with protein degradation. 

11. Owing to the small quantities not only of soluble proteins but also 
of the total water-soluble nitrogenous products, this species is not suitable 
for investigations on the mechanism of protein synthesis. 

The writer desires to thank Professors C. A. Shull and H. W. Popp 
for suggestions and criticisms relating to the manuscript and to acknowledge 
the assistance of Mr. C. A. Kern in the determination of the imbibitional 
and hygroscopic water, and of Miss Ethel Gingrich in the computations 
of the analytical data. 
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the current mineral nutrient content of the plant 

SOLUTION AS AN INDEX OF METABOLIC LIMITING 
CONDITIONS* 

B. E. Gilbert, F . T. McLean and W. L. Adams 
(WITH BE YEN FIGURES) 

Introduction 

The rate of metabolism at any time during the life of a plant is usually 
governed by one or more limiting conditions. These conditions limiting 
metabolism may be either chemical or physical in nature ; either a limiting 
supply of raw materials for metabolism or some condition due to the physi- 
cal state of the soil, or atmosphere which interferes with the assimilation 
and elaboration of these raw materials. In this paper attention is drawn 
to three cases of inhibited metabolism and the accompanying effects on the 
current mineral nutrient content of the plant solution during 1926. The 
conditions 1 which were seemingly responsible for decreased metabolism were : 

1. A decreased supply of available manganese in a neutral soil, result- 
ing in a marked chlorosis in beets and spinach. 

2. Limiting amounts of phosphoric acid and nitrogen as supplied to the 
soil in fertilizers. 

3. Unfavorable weather or cultural conditions. 

Analytical methods 

The methods discussed by Gilbert in an earlier publication (2) were 
followed with certain changes of procedure. It was found that when the 
plant solution was heated to 80° C. before filtering, flocculation took place 
and filtration was facilitated. Further work with the colorimetric method 
for potassium led to the adoption of the Lindo- Gladding gravimetric 
method. This change was made due to the labor and time involved in 
recovering the waste platinum from the colorimetric method and also from 
the fact that by the gravimetric method it was found possible to determine 
accurately the amounts of potassium usually found in the plant solution. 

A limiting available manganese supply 

For many years the Rhode Island experimental plats have grown crops 
which from time to time were distinctly chlorotic. It has been found that 

* Contribution no. 345 of the Rhode Island Agricultural Experiment Station, Kings- 
ton, R. I. 
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this chlorosis occurs only with plants growing on soils which have been neu- 
tralized, and recently the correction of the conditions has been brought about 
by small applications of manganese salts in a spray (3), or as a fertilizer 
mixed with soil. Chemical determinations of the leafy tissue of crop plants 
have shown smaller amounts of total manganese in the chlorotic tissue than 
m the normal healthy green tissue (3). These results have led investi- 
gators to conceive the available manganese supply in the neutral or alkaline 
soil to be limiting and insufficient for normal metabolism. This condition 

proved to be most pronounced when coupled with a low nitrogen fertiliza- 
tion. 

Plant solution determinations were made to compare the nutrient ele- 
ment levels in the chlorotic and non-chlorotie plants. In table I a compari- 
son is given of the manganese fertilization and the nitrate-nitrogen as found 
in the plant solution. 


TABLE I 


Comparison of nitrate-N 


CONTENT OF PLANT SOLUTION AND MANGANESE FERTILIZATION 




! 

i 

Fertilization 

Crop 

Tissue 

Plat 


(lbs. per acre) 




N 

PA 

K 2 0 

Mn. 

Spinach 

Leafy 

21 MG* 

0 

200 

30 

11 

Spinach 

Leafy 

21 MG 

0 

200 

30 

0 

Spinach 

Leafy 

50 MG 

60 

200 

30 

9 

Beets 

Leaves 







and 







petioles 

119 MG 

45 

120 

90 

9 

Beets 

Leaves 







and 

i 






petioles 

119 MG 

45 

120 

90 

0 

Beets 

Roots 

119 MG 

45 

120 

90 

9 

Beets 

Roots 

119 MG 

45 

120 

90 

0 

Beets 

Roots 

118 MG ! 

\ 1 

90 

120 

90 

9 

i 


* Market Garden Plat. 


Condi- 
tion of 
plants 

Nitrate-3ST 

IN PLANT SOLUTION 

P. P. M. 


June 2 



Green 

50 



Chlorotic 

283 



Green 

138 




Sept. 17 

Oet. 1 

Oct. 8 

Green 

59 

42 

30 

Chlorotic 

176 

104 

28 

Green 

200 

283 

125 

Chlorotic 

600 

625 

213 

Green 


277 



. J he appll f tl0n of manganese salts was accompanied by an increased 
yield as noted with previous crops (3) and also a decreased reserve of un- 
metabohzed nitrogen as nitrate. The potassium reserve was likewise much 

tr Jwf 7 h ; gre t ner P j antS 0f spinach " rown on plat 21. The manganese- 
treated plants contained potassium to the extent of 768 parts per million 

St solution. 0111 the mtreated area Sh ° Wed 2 ’ 213 Parts per -Sont 2 


GILBERT, MCLEAN AND ADAMS — MINERAL NUTRIENT CONTENT 141 

Considering the nitrogen situation with spinach on plat 21, it must be 
noted that in reality there were two limiting fertilizer conditions operating, 
viz., insufficient manganese supply and a diminished nitrogen supply. This 
is seen when a comparison of yields of spinach is made between the 
manganese-treated areas on plat 21 and plat 50 (near plat 21 and had 
received nitrogen fertilization of 60 pounds per acre). Plat 21 was de- 
pressed 59 per cent, as compared to plat 50. This fact may help to account 
for the magnitude of the difference between the nitrate-nitrogen content 
of the plant solution on the treated and untreated areas of plat 21, the 
limiting nitrogen supply having accentuated the condition. 

When beets growing on plat 119 are considered, however, nitrogen having 
been included in the fertilization, a comparison of yields between treated 
areas of plat 119 and plat 118 (adjacent and fertilized with 90 pounds of 
nitrogen per acre) , shows the decrease of yield with decreased nitrogen to be 
only 26 per cent. Hence nitrogen as a limiting factor was less active. The 
nitrate-nitrogen difference between the treated and untreated beet plants is 
thus ‘due more directly to the limiting manganese supply. The accumula- 
tion of nitrates both in the petioles and in the storage roots of beets with 
deficient manganese supply, is fully as marked as in the leaves of spinach. 
Only at the end of the growing season, on October 8, did the nitrogen con- 
tent of the leaf petioles become equalized in the chlorotic, manganese- 
deficient plants and in the normal ones. This may be accounted for by the 
withdrawal of nitrogen from the old leaves, as there was still a relatively 
high nitrate content in the roots of the chlorotic plants on that date. 

Insufficient nutrients as metabolic limiting conditions 

The most obvious conditions instrumental in limiting metabolism, are 
insufficient supplies of raw materials. Under surroundings such as occur 
in nature these are usually considered to arise from deficiency in or un- 
availability of the supplies of nitrogen, phosphoric acid, and potassium, as 
found in the soil in which the plant grows. When any one of these nutri- 
ents becomes limiting in supply, the limitation is reflected in the growth 
and may be measured by the yield at the end of the growth period. If, due 
to some such limiting nutrient supply a difference in growth or yield results, 
other conditions being the same, some reflection may be expected in the 
amounts of this nutrient in the plant solution. It may also be profitable 
to examine the relationship of another nutrient to the limiting one, as 
shown by the plant solution content. 

In table II some data are given which show clearly the reflection in the 
plant solution of the amounts of nitrogen and phosphoric acid applied in 
fertilizer chemicals. An increase in either nutrient is shown in the current 
amounts of nitrate-nitrogen and phosphate-phosphorus. 
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The story as regards relative yields as measures of growth is, however, 
not so clear, and needs more explanation than is given in the table. With 
all the crops tested the increase in phosphoric acid as supplied between plats 
55N and 65N is clearly shown both by the phosphate-phosphorus in the plant 
solution and by the relative yields. But when we compare relative yields 
of tissue of plats 65N and 65S, the latter of which received 25 pounds extra 
nitrogen per acre, we find that with turnips and carrots a decrease in yield 
was obtained in the case of 65S ; with corn no difference resulted ; while with 
cabbage there was an increase of 6 per cent, in the relative yields. If the 
particular tissue examined be considered, this variation in yield will be 
understood. With turnips and carrots the root tissue was analyzed while 
in the case of cabbage the leaves were used for analysis. The relative yields, 
given in the table are of these tissues. If, however, the weights of turnip 
tops from plats 65N and 65S be expressed as relative yields they are 81 and 
100 respectively. Thus the additional nitrogen fertilizer tended to produce 
leafy growth at the expense of the other portions of the plants. Nitrogen 
was limiting for leafy growth only, and as the tissue examined in the case 
of cabbage was leafy, this was reflected in the yield. With corn the stem 
tissue examined may be considered to have been intermediate and not likely 
to be greatly affected by the extra nitrogen of 65S. 

Considering next the effect of the supply of one nutrient upon the plant 
solution content of another, we find that when the phosphoric acid applied 
and the phosphate-phosphorus are low, the nitrate-nitrogen in the plant 
solution is high and vice versa. This seems to hold with turnips, corn and 
carrots, but not with cabbage. In this latter crop, however, the phosphate- 
phosphorus differences between the plant solutions of plats 55N and 65N 
were small and may not have been great enough to affect the nitrate-nitrogen 
content. The reciprocal story is, however, not so clear. With the extra 
nitrogen applied and the higher nitrate-nitrogen content of the solution in 
the case of 65S, the phosphate-phosphorus was lower with turnips and cab- 
bage only. The story is confused with the other two crops. It would be of 
interest to observe the effect of a larger increase in nitrogen upon the 
phosphate-phosphorus content of the plant solution. 

Changes in external conditions affecting metabolism 

From the foregoing facts it is evident that differences in the nutrient 
level are reflected in the composition of the plant solution. There are also 
temporary changes in the concentrations of fertilizer elements in the plants. 
When such changes simultaneously affect the composition of the plants grow- 
ing under a variety of conditions of soil fertility, then we may expect to find 
that they are due to some external condition. Therefore, a study was made 



144 


PLANT PHYSIOLOGY 



OVAUtlUll. 

A conspicuous instance of this occurred about October 4 when the plant 
solution concentrations were very low. In figs. 1, 2, and 3 are shown graph- 
ical representations of the nitrate-nitrogen, phosphate-phosphorus, and 

“ ratl0nS f ° Und at that time in celer ^ lettuce, and bee^ tops, 
graph for each crop represents an average of determinations from two or 

m °l e l Where nutnent Ieve ls were not limiting. It will be noted that 
with the exception of phosphorus in beet tops the three nutrient elements de- 
= m concentration^ the month of September, and reach about 
a minimal value around October 4 for all nutrient elements and crops A 
marked exception to this tendency for lowered concentration was noted in 
the case of late spinach which was planted on August 27 and showed a hi-h 
nitrogen content on September 27. ? 

The diminishing concentration of the plant solution of the crops was 
accompanied by a decreasing amount of nitrate-nitrogen in the soil * 

Except where large amounts of nitrogen were added during the month, 

* Determinations by J. B. Smith, Assoc. Chemist. 
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TABLE III 

Nitrate-nitrogen content of the top 7 inches of soil under growing crops (p. p. m.) 


Crop 

Spinach 

Beets 

■ 

Celery 

Plat No. 

112 

113 

118 

119 

85 

115 

116 

58 

29 

60 

Aug. 31 



13 

10 

8 

12 

4 

25 

10 

13 

Sept. 15 

61 

26 

...... 


— : 






Sept. 27 

44 

22 

8 

4 

6 

28» 

5 

i 38a 

10 

18 a 

Oet. 8 

34 

8 

8 

2 

8 

8 

2 

30 

8 

7 


a Forty pounds of nitrogen per acre in nitrate of soda were added to each of these 
plats on September 24, three days before sampling. This quite probably increased the 
nitrate content of the soil in these plats on September 27. 


the nitrate content of the soil was low, or at least decreased, from August 
31 until October 8, under the crops of spinach, beets, and celery. Plat 112 
of spinach and plat 58 of celery were the only ones which retained a high 
nitrate content through the month of September. 



Fig. 2. Fluctuations in potassium during decreasing temperature conditions. 


During the month of October the concentrations of the nutrient elements 
generally increased in the plant solutions of the three crops (figs. 1, 2, and 3). 
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Pig. 3. Fluctuations in phosphate-phosphorus during decreasing temperature conditions. 

These were accompanied by a marked decrease in both soil and air tempera- 
tures, as shown in fig. 7. This fall in temperature may have contributed to 
the accumulation of inorganic nitrogen, phosphorus, and potassium com- 
pounds in the plants, by depressing growth and decreasing the rate of 
metabolism. 

The growth rates of the different crops studied were quite uniform 
throughout the period of most active growth, passing through a regular 
grand period of growth for each crop (figs. 5 and 6). Changes in weather 
and other changes of temporary character in the external conditions seemed 
to have little effect on the growth rate. The growth of every crop was 
markedly depressed by deficiencies of N, P, and K on plats which were pur- 
posely kept deficient in these fertilizer elements. 

The only noticeable depression in growth increments which may be at- 
tributed to temporary unfavorable conditions for growth was during the 
period from July 15 to July 29. This showed as a depression in the growth 
of cabbage leaves as measured on July 22 (fig. 5). The index of leaf area 
used here in measuring the leaf growth of cabbage was. the leaf product, ' 
obtained by multiplying the greatest width by the greatest length. This 
gave a value much larger than the actual leaf surface, but is believed to be 
approximately proportional to the leaf area ( 4 ), ( 5 ), ( 6 ). 
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There was a depression in height growth of turnips also, noted on July 
29. Height of turnips was measured from the ground surface to the tip 
of the tallest leaf. 

These two depressions in growth were correlated with notably high 
values for the nitrate content of the plant solutions; of cabbage on July 29, 
and of turnips and carrots on August 6 (fig. 4). This depressed growth of 
the plants and attendant accumulation of nitrate in the plant solution was 
accompanied by and followed a period of hot weather extending from July 
15 to 25 (fig. 7). 

The moisture content of the soil was not critically low at any time during 
the summer. It fluctuated between 20 per cent, and 35 per cent, of the 
dry weight of the soil. The moisture-holding capacity of these soils by the 
Hilgard test was from 36 per cent, for the mineral soils to 44 per cent, for 
the heavily-manured soils on the Market-Garden plats. Thus the calculated 
wilting coefficient of the soil by the Briggs and Shantz formula (1) was 

P **m « 
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Fio. 5. Weekly growth increments of cabbage on well fertilized Experiment Station plats, 
1926. Leaf product (length x width). 

atatl2peicent, and the usually accepted optimum moisture content of 
the soil for plant growth— 50 per cent, of the water-holding capacity— was 
apprommately 18 per cent, to 22 per cent. So the moisture content of the 

Z iooTb aPPear t0 6 b6en at aU criticall y deficient at any time 
during the growing season. 


Discussion 

„„ I 1 !'”™"* "“,“ al ° f the I 118 ”' !>» b«u shown be 

d of metabolic limiting conditions in three cases of inhibited 
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metabolism and these three eases have been discussed in turn. There now 
remains the developing of a concept to embrace limiting conditions in 
general. The authors have found it convenient to contrast the individual 
nutrient concentration in the plant solution with the level of water in the 
reservoir of a city supply system. This level is determined by the rate of 
inflow and the demands made upon the system by water consumption. In 
the plant, the concentration of any one nutrient element is determined by 
the available supply of that element in the soil and the permeability of plant 
membranes to the nutrient element. These govern the rates of inflow. At 
the other end of the system, use of the individual nutrient element is deter- 
mined by the rates of metabolic processes, which are subject to changes 
through the action of limiting conditions. A further factor which may be 
expected to affect the concentrations is the amount of moisture present in 
the plant tissues. As this decreases with increasing saturation deficit, the 
plant solution may be expected to become proportionately more concen- 



Fig. 6 . Weekly growth increments of turnips on well fertilized Experiment Station plats, 
1926. Height of tallest leaf in cm. 
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trated. The extent of this effect has not been determined as yet, but it 
may be expected to be small except under severe conditions of evaporation, 
when it also would assume the role of a limiting condition and be reflected 
in the current nutrient-element concentration. 

Summary 

In this paper the. current amounts of nitrate-nitrogen, phosphate- 
phosphorus, and potassium are shown to have been correlated with arrested 
metabolism which was induced by the following limiting conditions: 

1. A decreased supply of available manganese in a neutral soil, result- 
ing m a marked chlorosis in beets and spinach. 

2. Limiting amounts of phosphoric acid and nitrogen as supplied to the 
soil m fertilizers. 

3. Unfavorable weather and cultural conditions. 

Rhode Island Agricultural Experiment Station 
Kingston, R. I. 
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GROWTH STUDIES ON FRUITS 
an EXPLANATION OF THE SHAPE OF THE GROWTH CURVE* 

F . G. Gustafson 
(with three figures) 

Iii a recent paper the writer (6) has shown that the growth curves of 
fruits are similar to those of animals and vegetative parts of plants. This 
has also been shown by Anderson (1) and Golinska (4). Some of the 
data used in the previous paper were obtained from fruits set at different 
times and it was suggested that it might be more accurate to have a large 
number of plants in blossom at the same time and on these tag several 
thousand blossoms growing in identical positions on the plants. Collec- 
tions for volume and weight determinations could be made from these every 
week or more often if desired. 

This was done during the summer of 1926. Figs. 1 and 2 show the 
result of this experiment. The volume and weight measurements were 
made every other day for the first three weeks and after that every week. 
The number of fruits used varied from 200 at the time of setting to 50 from 
the ninth day to the end. A conscious attempt was made to pick average 
fruits each time. These fruits were all weighed together and the average 
individual weight obtained. Their average individual volume was obtained 
by finding the volume of water displaced by them. The volume and green 
weight curves are almost identical. 

As everyone knows who has studied growth, Robertson (13) and 
Ostwald (9) independently were the first to liken growth to an autoeata- 
lytic reaction of the first order, which also gives an S-shaped curve. Both 
of these writers, using their own data as well as that of other investigators, 
compared the observed growth curves with the calculated curves, using the 
monomolecular autocatalytic equation. Both report close agreements, as 
have other investigators since. 

Recently, however, Gregory (5) maintains that only the latter half of 
the growth curve of barley can be represented by an autocatalytic reaction 
equation. Van de Sande-Bakhuyzen (2) states that the calculated and 
observed values do not agree at all. Thus we see that on the basis of cal- 
culation, two investigators have during the last year denied that the 
Robertson and Ostwald formula holds for the growth of plants. 

* Paper from the Department of Botany of the University of Michigan, no. 256. 
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Fig. I. Growth curves of tomato fruits. Volume and green weight determined 
weekly, from 200-50 picked fruits, previously tagged at the same time. Curve A, aver- 
age volume of one fruit; curve B, average green weight of one fruit. 

There are many investigators who explain growth in other ways than by 
antoeatalysis. . This is particularly true of investigators working with uni- 
cellular organisms such as bacteria and yeast. Thus McKendrick (7), 
studying bacteria,, came to the conclusion that “The rate of multiplication 
o ast-growing micro-organisms is proportional to the number of organisms 
and to the concentration of food stuffs.” 

Slator (15) has found that “If the seeding is small and all necessary 
tood for yeast growth is in excess, the growth during the earlier stages of 
the reaction is unrestricted and follows the logarithmic law of increase, that 
is the rate, of increase is always proportional to the quantity present. At 
a ater period retarding influences come into action, the yeast multiplication 

becomes restricted and during the final stages of fermentation ceases 
entirely . 9 9 

Priestley and Pearsall (12) explain the growth of roots of Tradescan- 
tia zeonna and Lycopersicum esculentum cn the basis of food supply. They 
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noted several S-curves in the total growth of the root system and the flatten- 
ing out of the curve seemed to be associated with the formation of the 
secondary or tertiary roots. Pearsall (10) in a later paper has elaborated 
the theory that food supply is a factor in the growth curves of roots. 

Murneek (8) explains the vegetative growth in tomato on the basis of 
correlation. He believes that the presence of fruits on a vine slows down 
the growth and finally inhibits the vegetative growth entirely. He shows 
that by the removal of the fruits the growth does not slow down but con- 
tinues at the same rate as before. 

Prom my own studies on the fruits of cucumber, summer squash, musk- 
melon and especially tomato I am inclined to believe that growth of fruits 
is mainly a matter of nutrition. By nutrition is meant the supply of food, 
mineral material, water, oxygen and any other material used in building 
up and maintaining the cells. This is the same idea that Priestley and 
Pearsall have made use of in explaining root growth, applied to the growth 
of fruits. 

If for a moment we go back to Sachs’s experiments (14) on growth of 
roots of Vida faba and the stem of Phaseolus multiflorus and plot his data 
as usual, i.e., total length against time, we will obtain the typical S-shaped 
curve. In the experiment a disk of the stem or root 1 mm. thick undergoes 



Fig. 2. First 19 days of growth of fruits shown in fig. 1. Measurements made on 
alternate days. First reading from 200 ovaries; later readings from decreasing numbers, 
50 on the ninth day and subsequently. Curve A, volume; curve B, green weight. 
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a growth cycle which corresponds to that of a whole organism, or an organ 
of such an organism. This growth is made up of the cell formation (cell 
division), cell enlargement, and sometimes a further increase in mass 
brought about by the thickening of the cell walls or deposition of stored 
food material. In cell division there is very little if any increase in size, 
because the two cells will occupy the space of the one. However, when the 
meristematic cell enlarges preparatory to the division there probably is a 
slight increase. After the new cell has been formed, it begins actively to 
increase in size due to intake of water. This is at first not very rapid but 
it becomes more and more so. However, a time comes when not so much 
water is absorbed due to the fact that the forces which tend to keep the cell 
from further enlargement are nearly equal to the forces causing the water 
to enter the cell. When the two are equal there will be no further increase 
in size of the individual cell and growth as illustrated by increase in volume 
will cease. After the cell has stopped increasing in size there may of course 
be a thickening of the cell wall and even a storing of food material so that 
the mass of the cell would continue to increase for some time after the vol- 
ume increase ceased. In fruits the increase in volume and dry weight are 
very closely associated as shown in the previous paper and in fig. 1 of this 
paper. 

The growth of an organism is the sum of the growth of its individual 
cells. If in unit time, the same number of cells were formed and they in- 
creased to the same volume and mass during the whole life of an individual 
the rate of growth would be constant, but that is not a fact. In the young 
individual there are few cells either being formed or increasing in volume 
or mass. Consequently the actual increase in size must be very slow. If 
each cell kept on dividing at the same rate we would have a geometric rate 
of growth, which is approximated by the early part of the growth period. 
This period is followed by another in which the growth is proportional to 
time, and in turn this period gradually changes into one where there is very 
little and finally no growth at all. This may be explained by assuming that 
the number of cells formed gradually becomes smaller and finally ceases 
altogether or else the final size reached by each cell is less in the later life 
of an organism than in its early life. There is no evidence for the latter 
supposition in tomato fruits. 

The question may fairly be asked, why does cell formation stop as the 
organ or organism becomes old and mature? My answer would be that 
there is a lack of nutrient material, i.e., foods, minerals, water, etc. 

For an elaboration of my thesis I wish to use as an illustration the 
tomato fruit. There is no question but that an available supply of nutrient 
material influences the size of the fruits to a great extent. It is a well estab- 
lished practice to thin the fruits, when the setting has been very heavy, to 
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obtain fewer but larger fruits. In the case of tomato it was noted in the 
paper cited that the first fruits to set on a plant are smaller than those 
setting later, when the plant is larger and more vigorous. If the plant is 
prevented from setting fruit until it is large, the first fruits will be large. 
The second fruit in a fruiting cluster is usually smaller than the first and 
the third is smaller than the second. Occasionally the second fruit is larger 
than the first, but this happens only when for some reason or other the first 
fruit does not begin to grow until the second fruit is of some size. The 
explanation presumably is that the second fruit got such a start that the 
main food supply is directed in that direction and it is so to speak on the 
main line of supply, while the first fruit has been shunted to the side line. 
If one examines such a cluster, it is at once noticed that the peduncle has 
straightened out in such a way that the second fruit is actually in a more 
direct line to the stem than the first fruit, which is now on a side branch. 

It has been noted that when the first fruit is removed, the second, if it 
has not already commenced to ripen, will begin to grow very rapidly and 
will usually attain the same size as number one. I do not believe this is 
due to any inhibiting substances, of which we have heard so much, but of 
which we know so very little, because in the case of fruits setting on a small 
and young plant the first are always smaller than those setting later when 
the plant has more food material. If there were inhibitors, the later fruits 
ought to be smaller than the first, because they would be inhibited by the 
fruits first formed, while there would be nothing to inhibit the first fruits 
set except lack of material from which to grow. 

If for a moment we assume that food supply is the factor influencing 
the rate of growth, how can we explain the shape of the growth curve? 
When the fruit is set there is an abundance of nutrient material for its 
needs (not much being needed) , but it increases in size very slowly, because 
there are few cells dividing and enlarging. Later, as more cells are pro- 
duced and begin to enlarge, the increase in size becomes more pronounced. 
For this rapid growth more nutrient material is needed and a time will come 
when there is not enough and the growth cannot go on increasing as it has, 
and we have a decline in rate. The reason the nutrient material becomes 
the limiting factor is partly due to the fact that there is not enough in the 
plant for all the fruits as well as for the vegetative growth and perhaps 
partly due to poor conduction of material to the growing part of the fruits. 
Consequently there is a decrease in the rate of growth and when total vol- 
ume is plotted against age we get an S-shaped curve. 

It is a 'well known fact that, if a few fruits are permitted to mature, the 
individuals will be larger; yet they will not grow indefinitely, but will 
eventually reach a limit beyond which they cannot be made to grow, even 
if only one fruit is produced by the plant. An explanation for the limit 
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of the size to which a fruit can grow, I believe, is connected with the con- 
duction of materials into the fruit. The conductive system of a fruit like 
the tomato does not enlarge in proportion to the pulpy part. In the young 
fruit or in the ovary the vascular strands are fairly numerous and well 
developed, but the mature or nearly mature fruit is poorly supplied with 
such structures. For this reason, together with the fact that as the fruit 
becomes larger the amount of nutrient material needed also increases, it 
seems reasonable to assume that the conducting* system should become in- 
adequate. In the large fruits the food, water, oxygen and mineral material 
all have to be conducted by diffusion for much longer distances than in the 
young fruits. Even though the nutrient gradient may be quite high the 
difficulty of transportation is so great that eventually the fruit stops increas- 
ing in size entirely. It is to be remembered that even though the fruit does 
not increase in volume or mass, yet material must, be taken into it unless it 
is actually to decrease in size. This is true of water at least. Muskmelons 
and summer squashes growing in bright sunlight and in a dry field may 
actually decrease in volume considerably while maturing. 

The growth of the shoot of a plant can also be explained on the basis of 
nutrition. When a seed germinates it is supplied with an abundance of 
nutrient material, but the cells growing are few, and the increase in mass 
of the plant is very slow at first. In fact, as Brenchley (3) has shown, 
and as found by the author in experiments not yet published, there is in 
some plants an actual decrease in dry weight for the first two or three weeks, 
even though the volume increases very extensively. As time progresses, the 
number of cells growing increases, and the food supply is augmented by 
the photosynthesis of the leaves. However, not all cells formed become part 
of the manufacturing tissue nor of the absorptive tissue. For every cell 
that goes to form chlorenchyma or root tissue there are others that go to 
form stem, veins in the leaf, and later to form the flowers and the fruits. 
Yet all of these cells depend upon the cells of the chlorenchyma and of root 
tissues for their nutrient material. Thus the proportion of nutrient con- 
suming tissue to the nutrient obtaining tissue increases as the plant ages. 

Murneek (8) has shown that when fruits of the tomato are prevented 
from forming, the vegetative part of the tomato plant keeps on growing at 
a more or less constant rate. Popp (11) has also noted that when Biloxi 
soy beans grown under artificial light conditions are prevented from blos- 
soming the plants keep on growing and the curves obtained are not of the 
sigmoid type. 

The writer conducted an experiment with a variety of pole bean in 
which a part of the plants were deflorated while other plants were permitted 
to blossom and fruit. The seeds were planted May 24, and the first mea- 
surements were made two weeks later. From that time, measurements were 
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made weekly except for the tenth week. The weather was very dry during 
the first eight weeks and the last three of those weeks were also very hot. 
This probably accounts for the very slow growth during that period. On 
July 27 , nine weeks after planting, the plants were divided into two groups. 
From that time one group had all the blossoms or flower buds removed as 
soon as they appeared in an endeavor to prevent any fruits from forming; 
the other group formed fruits in the usual way. Fig. 3 shows that the 

U/r i 



Fig. 3. Curve of increased dry weight for pole bean, in two groups after the ninth 
week. Curve A, deflorated plants; curve B, fruiting plants. Average final dry weight 
of plants on curve A, 105.21 gm.; curve B, 55.48 gm. 

plants which did not fruit formed a much greater amount of dry material 
than those which fruited. Not enough plants were available to carry on the 
experiment till the plants with fruits stopped growing ; but as the point of 
the experiment was to show that when fruits did not have to be supported 
by the plant the vegetative portion would grow much longer, it was con- 
ducted far enough to demonstrate this point clearly. 

These illustrations show that when the nutrient material was not diverted 
from the shoot the total size and dry weight increased much more than when 
part of the nutrient material was diverted to fruits and flowers. One ex- 
planation for this would be that more nutrient material was available for 
the formation of new leaves, which in turn would increase the dry weight 
of the plant by photosynthesis. 
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Summary 

1. This paper discusses in some detail the probable influence of nutrition 
upon the form of the growth curve of fruits. It is also pointed out that the 
poorly developed conductive system in fruits may very materially limit the 
nutrient material supplied to the fruits. 

2. It is further pointed out that when nutrient materials are not 
diverted to fruits, the rate of growth of the shoot continues at an approxi- 
mately uniform rate, rather than at an increasingly lower rate as is usual 
when fruiting takes place. 

University of Michigan, 

Ann Arbor, Michigan 
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CHEMICAL CHANGES ACCOMPANYING THE WESTERN 
YELLOW BLIGHT OF TOMATO* 

J . T . E o s a i 

The disease of the tomato plant called Western Yellow Blight is fre- 
quently very destructive in western North America but is not known to 
occur elsewhere. The true nature and the cause of the disease have baffled 
pathologists for 30 years. It was thought that an examination of the 
changes in plant composition connected with the disease might throw some 
light on its nature. 

The symptoms of this blight have been adequately described by Shapo- 
valov (7). Briefly, vegetative growth ceases; the leaflets become leathery 
and the margins roll upward ; the stems, petioles and leaf veins become 
purpled, and the upper surface of the leaf becomes more or less yellow. 
Affected plants are non-productive and usually die after a few weeks. 
Occasionally, however, regeneration of part or all of a blighted plant occurs 
in the field. Efforts by the writer to induce regeneration by cutting back 
the tops, and by spraying with nitrates and compounds of iron have given 
negative results. Stem cuttings of blighted plants placed in tap water and 
in nutrient solutions often produced roots but no vegetative growth. 

For analytical purposes, samples were collected at Davis in June, 1925, 
of roots, stems and leaves from healthy and blighted plants of the Earliana 
variety. Other samples were collected in June and July, 1926, of the San 
Jose Canner variety. All samples were taken about 11 A. M., during clear 
hot weather. The samples of June 8, 1925, were taken at the beginning 
of an attack that killed 95 per cent, of the plants within the next few weeks ; 
those of June 18, 1925, were of plants that had been definitely blighted for 
ten days or more. The samples of 1926 were taken at the beginning of two 
mild attacks which together destroyed only 5 per cent, of the plants. The 
sample designated as “incipient blight” showed slight external indications 
of the disease for several weeks. It eventually recovered, however, and 
bore a normal crop. 

The samples of January, 1926, are of special interest. These were taken 
at Riverside in Mr. Shapovalov's plots. The plants 1 were those of the 
preceding summer’s crop, which had escaped a moderate attack of blight, 

* Contribution no. 17, Division of Truck Crops, University of California. 

i Acknowledgment is made to F. S. Hknika for performing the analytical work. 
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and due to absence of frost continued growth till midwinter. All of the 
plants in this field, except in 2 plots, assumed in early winter the yellowish- 
purple color and the non-vegetative condition characteristic of blight. One 
of the exceptional plots was fertilized with sulphate of ammonia, the other 
received seepage from a leaky sewer. The plants in these plots were dark 
green and vigorously vegetative. Because of the known deficiency of nitro- 
gen in the soil, these latter have been termed 1 1 ample nitrogen” plants, the 
former <£ nitrogen starved” plants. Since the nitrogen starved plants had 
the external appearance of blight, it was 1 of interest to determine if this 
condition could be differentiated chemically from true blight. 

Plant samples were preserved in boiling 95 per cent, alcohol (with CaO). 
After drying the solid portion of the sample, and grinding, extraction was 
completed with 50 per cent, alcohol. Carbohydrates were determined by 
the Schaffer-Hartman method — sucrose after inversion with invertase 
(1 cc. in 100 for 2 hours), and starch after autoclaving for one hour and 
digestion with taka-diastase over night. Total nitrogen was determined 
by the official salicylic-sulphuric acid method, observing the precautions 
advised by Banker. Nitrogen was determined separately on aliquots of 
the insoluble and alcohol-soluble portions of each sample. The per cent, 
of the total nitrogen occurring in the soluble fraction is 1 also given. The 
amino nitrogen in the alcohol extract was also determined but the results 
are not presented ; in general amino nitrogen constituted about one fourth 
of the alcohol-soluble fraction. 

Table I gives the changes in absolute amounts of certain constituents in 
healthy and blighted plants. It is evident that the Western Yellow Blight 
of tomato is characterized by very definite changes in composition. One of 
these is the increased percentage of dry matter in all parts of blighted 
plants. The changes in relative amounts of the different constituents (as 
shown 'when the results are calculated to the dry weight basis), are some- 
what smaller than those given on the fresh weight basis. However, it is 
readily seen that there are marked changes in composition, both relative 
and absolute. 

In the leaves, reducing sugars, sucrose, and starch increase progressively 
with the development of external symptoms of blight. It is probable that 
some of the striking symptoms of blight, e,g ., purpling of stems and veins, 
and rolling of the leaves, are connected with the high carbohydrate content. 
The purple pigment, anthocyanin, is well known to become intensified in tbe 
presence of high sugar concentration. 

There is a very decided decrease of total nitrogen in blighted leaves; 
this decrease is entirely in the insoluble fraction. In fact, the amount of 
soluble nitrogen actually increases, and the per cent, in soluble form in- 
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creases markedly. It seems as though upon the inception of blight, the 
movement of nitrogen into the leaves is stopped before growth is entirely 
halted, thus diluting the nitrogen already present and reducing the per cent, 
of nitrogen in these tissues. The accumulation of carbohydrates and other 
solids is 1 not sufficient to account for the reduction in per cent, of total 
nitrogen. There seem to be other changes, also, which result in some of the 
more complex insoluble nitrogen constituents being converted back to soluble 
forms. 

In the stems and roots of blighted plants, the accumulation of sugars 
and starch is almost as marked as in the leaves. Hence it is apparent that 
the disease involves all parts of the plant. It also seems that translocation 
of carbohydrates is not interfered with, but that their utilization in tissue- 
building is. The accumulation of carbohydrate is due mostly to the stop- 
ping of growth by some other unknown agency. While carbohydrate ac- 
cumulation gives to the blight disease some of its characteristic symptoms, 
it is probably not the primary cause of the trouble. 

In contrast to the leaves, total nitrogen in stems and roots shows an 
increase in the ease of blight, this increase being especially noticeable in the 
roots. However, the proportion of soluble nitrogen increases in these tissues 
as it does in leaves, but not at the expense of the insoluble fraction. It 
appears, then, that blight is not due to nitrogen deficiency, for blighted 
plants continue, at least in the early stages of the disease, to take up nitrogen 
from the soil solution, though they are not able to translocate it into the 
leaves. 

Attention may now be called to the two leaf samples taken in January 
at Riverside. The nitrogen starved plants, which externally had the ap- 
pearance of Western Yellow Blight, likewise showed the extreme accumula- 
tion of sugars and starch characteristic of blight. As would be expected, 
total nitrogen is also somewhat decreased in the nitrogen-starved plants. 
However, the soluble nitrogen is also decreased somewhat, as is also the 
proportion of total nitrogen in soluble form, compared to that in the 
"ample nitrogen” or normal plants. Also the amino nitrogen is decreased 
from 3 per cent, of the total N. in normal to 1.9 per cent, in starved plants. 
Hence it seems that blighted tomato plants may be distinguished from those 
whose growth is checked by other causes, through their nitrogen relations. 

It was thought that the starch accumulation in blighted plants might 
be connected with the inactivation of the natural plant diastases, hence 
determinations were made of the diastatie activity of healthy and blighted 
plants. Fifty grams of fresh ground tissue were extracted with 75 cc. 
glycerine (+ toluol) at 12° C. for 24 hours. This was made to 250 ce. and 
filtered. Aliquots of the filtrate were used to determine diastatie activity. 
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To one aliquot, 25 cm of 1 per cent, soluble starch was added. Another 
aliquot, without starch, was run as a check, under similar conditions. After 
incubating* 48 hours’ (24 hours in second experiment) at 30° C., the solu- 
tions were cleared and sugars determined. Gain in reducing sugar indi- 
cates diastatie activity in the plant material. The amounts are expressed 
as milligrams of dextrose, in table II. 


TABLE II 

Diastatic activity of leaves of healthy and blighted plants 


First experiment, June 18, 1926 1 

Extract + starch 

Extract alone 

Gain 


mg. 

mg. 

mg. 

Leaves of healthy plants 

491.0 

153.5 

337.5 

Leaves of incipient blight 

591.0 

396.0 

195.0 

Leaves of severe blight 

1000.0 

898.0 

102.0 

Second experiment, July 24, 1926 
Leaves of healthy plants 

' 

223.7 

145.6 

78.1 

Leaves of blighted plants.... 

506.8 

483.7 

23.1 

Stems of healthy plants 

278.7 

270.6 

8.1 

Stems of blighted plants 

603.1 

603.1 

0 . 


It appears that diastatic activity is greatly reduced in the leaves of 
blighted plants, but does not disappear entirely. In healthy stems diastatic 
activity is surprisingly low, and it seems to have disappeared in blighted 
stems. 

Discussion 

As previously stated, the cause of Western Yellow Blight is not known, 
Shapovalov (7) has shown that the regional as well as the seasonal occur- 
rence of the disease is associated to a very marked degree with weather 
conditions. Severe losses from blight occur under conditions conducive to 
high evaporating power of the air. Shapovalov also records the favorable 
effect of shading upon the inhibition of blight, under conditions where other- 
wise it would have been very destructive. The writer has also observed 
cases where slight shading, as from young orchard trees, reduced the amount 
of blight. Since the evaporation rate would be little influenced by such 
transitory shading, some connection with the light factor is indicated. The 
disease generally appears in summer when the days are long, and in regions 
where the sunlight is particularly intense because of the cloudless days and 
clear atmosphere. The work of Arthur et al (1) and of Miss Pfeiffer (6) 
is also of interest in this connection. These workers found that tomatoes 
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grown with varying length of day evidenced injury with a daily light 
period of 17 hours or longer, indicating that the tomato is particularly 
sensitive to light. Miss Pfeiffer's long-day plants were dwarfed, yellowish, 
and were high in carbohydrate with decreasing protein. These changes 
resemble those found in blighted plants, though the magnitude of the 
changes is much greater in the case of blight. 

On the other hand, McKay and Dykstra (5) state that there is a causal 
relationship between the curly top disease of beets, and blight of tomato. It 
is true that the regional and seasonal occurrence of the two diseases show 
considerable parallelism. Furthermore, in the original publication of Ball 
(2) on curly top of beet are found statements indicating light-relationships 
for that disease similar to those which have been observed in tomato blight 

The chemical changes connected with curly top of beet were studied by 
Bunzel (4). Though he reports many analyses, there are few strictly 
comparable data in his report, and Bunzel made no attempt to draw con- 
clusions therefrom. However, it seems that in general, in the leaves of 
curly top beets, there is a reduction in sugar content and no effect upon the 
nitrogen. In curly top roots there is a reduction in sugar, while total and 
insoluble nitrogen increases. Except for the last mentioned item, the 
changes in curly -top beets seem to be the opposite of those found in blighted 
tomatoes. Of course this* is not absolute evidence against the theory of a 
common causal agency in the two diseases. 

Brewer, Kendrick and Gardner (3) have studied the changes in the 
tomato plant accompanying the two virus diseases, mosaic and streak. 
These workers analyzed composite samples of the whole plant. They 
found that mosaic and streak infection led to reduction in per cent, of dry 
matter and of carbohydrates, and unchanged total nitrogen. All these 
changes are different from those found in the case of Western Yellow Blight, 

Conclusions 

Definite changes in chemical composition characterize the disease of 
tomato called Western Yellow Blight. As all parts of the plant show these 
changes, it appears that the disease involves the whole plant. 

Carbohydrates accumulate progressively in all parts of the blighted 
plants. It is suggested that this accumulation is the result of inability to 
utilize the carbohydrates, vegetative growth having been stopped by some 
unknown cause. The carbohydrate accumulation, is no greater than it is in 
plants stunted through nitrogen starvation or “hardened" by exposure to 
low temperature, hence it cannot be considered the primary cause of growth 
cessation or of blight. 

The total nitrogen content decreases in the leaves but increases in other 
parts of the blighted plant. Protein nitrogen was not determined as such, 
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but can be assumed to decrease, as the per cent, of nitrogen in soluble form 
increased in all parts of blighted plants. Nitrogen starvation can not be the 
cause of blight, but inability to translocate nitrogen within the plant, and 
inability to synthesize higher nitrogen compounds, may be more directly 
connected with the inception of blight. 

University op California, 

Davis, California. 
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THE EFFECT OF ULTRAVIOLET RADIATION UPON YEAST 

CULTURE MEDIA 


J . W . Woodrow, A. C. Bailey and E. I. Fulmer 
(WITH ONE FIGURE) 

While a great deal of work has been done on the effect of ultraviolet 
radiation upon the growth of yeast and other microorganisms, the effect of 
the rays upon the culture medium itself, so far as its growth-promoting 
properties are concerned, has not been adequately studied. It is obvious 
that the effect of the ultraviolet rays upon the organism in the medium may 
be due to a combination of factors, the direct effect upon the organism and 
an indirect action due to changes in the composition of the medium. This 
communication presents data on the effect of ultraviolet radiations upon 
the ability of several culture media to support the growth of yeast. 

Equipment and methods 

The source of the rays was a Cooper-Hewitt quartz lamp operated on a 
direct current of 110 volts and 4 amperes. Wratten filters were used in 
some eases to control the range of radiations used, and clear quartz 
“Vitreosil” Erlenmever flasks and Pyrex flasks were used as culture 

vessels. 

The culture of Saccharomyces cerevisiae had been growing continuously 
for a period of years upon synthetic media. The counts were made with 
the Thoma-Zeiss chamber. When the count is one there are 250,000 cells 
per cubic centimeter. All incubations were made at 30° C. 

The intensity of the ultraviolet was measured in lithopone units accord- 
ing to Clark (16). This unit is defined as the energy required to darken 
the lithopone paste to a reflection factor of 50. Exposures' of the media 
were made at 16 cm,, under which condition six seconds were required to 
produce the standard darkening. 

The media used were C, D and E as developed and described by Fulmer, 
Nelson and Sherwood (18). The composition of these media, in terms of 
grams of solute per 100 cubic centimeters of medium, is shown in table I. 

Each flask was weighed with contents before inoculation so that any 
evaporation during sterilization or irradiation could be compensated by the 
addition of the required amount of sterile water. In each instance 25 cc. 
of the medium were used in a 50 ec. quartz or Pyrex flask. The flasks were 
tipped at an angle so as to receive a maximum amount of the radiant energy. 

A i7i 
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TABLE I 

Composition op yeast media used 


Constituents 

Medium 

C 

I) 

E 


gm. 

gm. 

gm. 

nh 4 ci 

0.188 

0.188 

0.188 

K HPO 

0.100 

0.100 

0.100 

2 4 

CaCI 


0.100 

0.100 

2 

CaOO 



0.040 

Sucrose 

10.000 

10.000 

10.000 


Experimental results 

The results obtained for medium E irradiated for various time intervals 
are shown in figure 1. For comparative purposes the growth in the non- 
irradiated control flask has been taken as one hundred. These results show 
that with both the quartz and Pyrex flasks irradiation causes the develop- 
ment of toxicity in the medium, the effect being much greater for the quartz. 
These results are typical of many experiments. Irradiation of media C and 
D gave the same general results both for quartz and Pyrex flasks as those 
for medium E. Evidently the presence of the calcium chloride or carbonate 
does not influence results. 



Hours of Irradiation 


In order to determine whether heat rays had any part in the develop- 
ment of the toxieity in the medium these rays were filtered out by about 4 
cm. of slowly running water. The receptacle containing the water was 
6.25 x 12.5 cm. by 6.25 cm. deep. A quartz plate 2 mm. thick served as the 
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bottom of this filter, which allowed the ultraviolet radiations and the visible 
light rays to pass on through. Beneath this filter was placed a screen with 
an opening 5x5 cm. Across this opening were placed quartz, pyrex, and 
Wratten light filters, the results with the Wratten filters being tabulated in 
table II. These filters were ten centimeters from the lamp, and the flasks 
were ten centimeters from the filters. The energy reaching the flasks must 
be considerably less than it would be without the filter system. Neverthe- 
less, even the short time irradiations, with the infra red rays filtered out, 
gave reduced counts equivalent to counts resulting from much longer irra- 
diations when these rays were present. 

In table II data are presented showing the growth of yeast in medium E 
exposed in quartz flasks for 30 minutes through Wratten filters under the 
conditions which have been outlined. 

TABLE II 

Wratten filters, 30 minutes irradiation 


Filter no. 

Wave length at 

MAXIMUM IN- 
TENSITY 

BANGE OF FILTER 

Count 


mjx 

mjA 

20 hours 

17 

350 

300-425 

7.6 

34 

420 

315-500 

5.8 

47 

440 

350-530 

16.0 

40 

500 

450-630 

21.6 

Control 

i 


24.6 


It is apparent that the toxic effect of irradiation is more severe with the 
shorter wave lengths, the effect being small for lengths longer than 440- 
500 nm. 

The data plotted in figure 1 show that after 40 hours of incubation the 
toxic effect in some cases is not so evident as after the 16-hour period. This 
may be due to the acclimatization of the yeast or to the disappearance of 
the toxic agent on standing. To test the latter point, flasks were irradiated 
for various lengths of time and either allowed to stand for various periods 
up to one week or were vigorously boiled. a In neither case did the toxicity 
diminish to an appreciable extent. Evidently the toxic agent is non-volatile. 

By irradiating separately distilled water, a solution of the salts, and the 
sugar solution, it was evident that the toxicity was entirely due to the effect 
of the ultra-violet rays upon the sugar. Similar toxicity developed by the 
irradiation of solutions of dextrose, calcium gluconate, or glycerol. Irra- 
diated air with or without the removal of the ozone did not cause the devel- 
opment of toxicity nor was the toxicity a pH effect. 



174 


PLANT PHYSIOLOGY 


The effect of ultra-violet light upon the carbohydrates in solution has 
been studied by Berthelot and Gaudechon (7, 9), Bierry, Henri and 
Ranc (14, 15), Bierry and Henri (12, 11), and Rang (20). The following 
decomposition products are reported on long exposure (40-70 hrs.) : JBL, CO, 
C0 2 , CH 4 , HCHO. Sucrose is inverted and an acidity develops. Bierry, 
Henri and Ranc (13) report that the exposure of glycerol to the ultra- 
violet leads to the formation of P-acrose in an alkaline medium. The reac- 
tion of other organic compounds has been studied by Berthelot (1), 
Berthelot and Gaudechon (2, 3, 4, 5, 6, 8, 10), Euler and Lindberg (17), 
and Lombard (19). 

Although it has been shown here that the toxic agent is non-volatile it 
seemed advisable to study the action of CO on the medium. The gas was 
bubbled through the medium for various lengths of time. The one hour and 
three hour treatment cut the growth to 75 per cent, and 60 per cent, of the 
control, a toxicity not comparable with the irradiation. Moreover the tox- 
icity disappeared on boiling. Evidently the toxic material is not carbon 
monoxide nor the result of the action of that substance upon the medium. 

Summary 

Upon exposure to ultra-violet light the yeast media developed a toxicity 
which increased with the length of time of irradiation. The toxic factor is 
non-volatile. The effect of ultra-violet upon yeast in these media must be 
due in part at least to alteration in the composition of the medium and not 
entirely to the direct effect upon the organism. In these experiments the 
toxic factor results from the action of the short rays on the sugar in the 
medium. For the study of the direct action upon the cell, a medium must 
be used whose growth-promoting properties are not changed by the ray 
treatment. 

Laboratories of Physics and Biophysical Chemistry, 

Iowa State College, 

Ames, Iowa 
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SEMIPERMEABILITY OF SEED COVERINGS AND STIMULATION 

OF SEEDS* 5 

Felix Kotows ki 

In a previous paper (6) the writer assumed that the methods of seed 
stimulation, advocated by Popoff (9) are of little value for agriculture and 
horticulture [cf. also Bredeman (1)]. Many publications witness the 
great interest on the subject of seed stimulation. The occurrence of stimu- 
lation itself and the effect of so-called stimulants upon yield is still in con- 
troversy. However, the search for principles involved has 1 been meager. 
These investigations aim to contribute to the knowledge of one of these 
principles, which is not the least important in the writer’s opinion. The 
well established fact of semipermeability of seed coverings was overlooked 
by Popoff and his associates. In this paper the term seed coverings is 
used to include all structures outside the embryo and endosperm. The 
significance of the semipermeability of the seed coats was stated by Shull 
(11, p. 191) : “The testa has physical and chemical characters, which may 
enable it to modify greatly any factors entering into germination behavior 
and the effects of these characters must be known before any sound con- 
clusions can be drawn. Semipermeability is now shown to be common 
enough that its existence should be proved or disproved before proceeding 
to use stimuli acting through membranes.” This was written ten years 
before Popoff started to publish his papers on the topic of seed stimulation. 

Popoff (9) claimed to explain the real cause of stimulation by reagents. 
Unfortunately, he and his associates w y hen presenting successful results 
did not give the exact composition of the stimulants- used and therefore 
their work is not susceptible of verification, but it is certain that they have 
paid no attention to the permeability of the seed coverings. 

Methods 

Samples of seeds (50-80 gm.) w r ere washed in tap water five minutes 
and rinsed two minutes in running distilled water. In this way, probably 
all salts on the surface of the seeds w r ere removed. After washing, the 
seeds were dried 12 hours at 40° C. and used 12 hours later. Two and one 
half gram samples of seed were soaked 16 hours in 25 cc. of the solutions 

* Work done at Davis, Calif., Division of Truck Crops, University of California, 
while on leave from College of Agriculture, Warsaw, Poland. 
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used, in 100 cc. flasks. The checks were similarly soaked in distilled water, 
after which the samples were divided into two groups. 

In one group, the seeds were separated from the liquid, dried and 
weighed, and the gain of weight calculated as percentage of the air-dry 
weight. A uniform procedure was adopted for this drying. The seeds 
were blotted with filter paper for one minute and then later dried with a 
cloth for one minute. After weighing, the seeds were immediately soaked 
in 25 cc. of distilled water for 4 hours and were again dried and weighed. 
In the second group of samples, the seeds after being soaked 16 hours in 
solutions or in distilled water were removed from the liquid and rinsed in 
running distilled water for one minute; the further proceedings were the 
same as in the first group. The electrical conductivity of the .solutions, 
and of the distilled water in which the seeds were immersed, was determined 
as soon as the soaking stopped. 

The standard deviation of the weights was 2.5 per cent, of the mean, 
working with 4 replications of each kind of seed and for each solution. 

The intake of water was almost complete after 16 hours; the gain during 
the next 4 hours was very small (0.03 cc. average), therefore the calcula- 
tions have been made on the basis of the 16-hour water intake. 

The intake of salts- by the seeds was determined by the measurement of 
electrical conductivity of the external solutions. This method shows minute 
differences in concentration of aqueous salt solutions and detects small 
amounts of salts accurately and promptly. Water of high degree of purity 
was used (C=2.8xl0~ 6 mhos) and the measurements and computations 
were made according to Findlay (4). 

Since the rate of water and salt intake and the processes of diffusion are 
influenced by temperature, the experiments were run at 20 ± 1° C. The 
conductivity measurements- also were made at 20 ± 0.1° C. by means of 
Kohlrausch's method. A dipping electrode was used in the solutions. 

Stiles (12, 13, 14) used conductivity determinations in the study of 
permeability of plant tissues, but so far as the writer is aware this method 
has not been used in permeability experiments with seeds. The results 
obtained by the conductivity method may need revision before conclusions 
can be drawn. * 

The corrections to be made were reported by Stiles and Kidd (12) and 
in so far as they can refer to seeds, may be briefly stated. The possible 
causes making for a fall of conductivity in the external salt solutions- aside 
from absorption, and which therefore make the values obtained greater than 
the true values for absorption, are as follows: 1 . Reactions between the 
exudate and the external solutions by which non-ionized molecules are pro- 
duced. 2. An increased exosmosis due to the action of the salts on the 
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tissues, as compared with this phenomenon, is distilled water. 3. An inde- 
pendent absorption of ions (<?/. also Pantanelli, 8). 

These experiments were affected with these three sources- of error, but 
estimation of any ot them is impossible, although in the case of seeds, most 
important is the diffusion of carbon dioxide evolved by respiration. The 
check series (soaked in distilled water) aimed to estimate this error, but it 
was merely assumed that the respiration process was equal in distilled 
water and in solutions, which may not be entirely true. 

The value tor intake or for diffusion of salt was found from the equation : 
Co = C 2 - (C'i + (J x ) ; in which C 2 is the final conductivity of the solution, 
Ci the initial conductivity of the solution, C x the increased conductivity 
caused by life processes of seeds, determined in check series; for distilled 
water C, = 0. 

The diffusion of salts from seeds soaked and washed for one minute as 
well as from soaked and unwashed seeds was compared. The diffusion from 
washed seeds was lower, and the difference was considered as the loss due 
to washing for one minute. This loss represented the minimum quantity 
of salt that did not penetrate the #eed coverings. The technique used for 
this purpose was very gentle indeed when compared to that of Wolfe ( 16 ), 
who says that Lid (saturated solution) was only superficially absorbed by 
barley grains, however, since it could all be removed by an hour’s washing 
in running water. 

Two salts, the kations and anions of which are claimed by Popoff to be 
good stimulants, were chosen. KN() 3 and MnS0 4 • 4H 2 0 in 1.50 per cent, 
aqueous solutions were used for soaking the seeds. Their conductivity at 
20° C. was as follows: For 1.5 per cent. (=0.15N) KN0 3 , C, = 33.80 x 10' 3 
mhos; for 1.5 per cent (=0.067 N.) MnS0 4 *4H 2 0, C x = 13.20 x 10" 3 mhos. 

Viable seeds of Bpinaeia oleracea inermis, Cucumis sativus, Capsicum 
annuum, Triticum vulgare , Secale cereale and of Hordeum distichum were 
tested. The seeds were carefully selected to eliminate injured ones, but in 
cereals besides the selected (A) grains, non-selected (B) samples of com- 
mercial seed were tested. The examination of the latter showed 20 to 30 
per cent, of grains more or less injured in barley and rye, and 5 per cent, 
in wheat. 

Results 

Absorption and permeability for KNO a 

The absorption of KN0 3 and water by these seeds, and the loss of salt 
by exosmosis from seeds of the various plants used, are shown in table I. 

The highest amount of salt was taken in by spinach and pepper (2.1 per 
cent, of the weight of seeds) ; lower was the gain for wheat A and B, rye B 
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and barley B (1 per cent, of the weight of seeds) ; the intake of KNO* by 
cucumber, rye A. and barley A is very moderate (0.4 per cent, of the weight 
of seeds). The intake of salt is in some degree dependent upon the intake 
of water. This fact is shown by the values for the final concentration of 
the salt within the seeds after 16 hours of soaking. On the basis of these 
figures we can classify the seeds as follows: First, barley B and wheat A, 
having final inside concentration of 2.47 per cent, compared with a final 
external concentration of 1.45 per cent; then pepper, spinach, wheat B and 
rye B, with an inside concentration of 2.01 per cent, against 1.45 per cent, 
outside concentration. All these seeds possessed higher concentration of 
KNO s within the seeds than outside, when the soaking was stopped. A 
reverse ease could be noticed in cucumber, rye A and barley A; for these 
seeds the final inside concentration of salt was 0.85 per cent, against 1.53 
per cent, of the external solution. 

It is very obvious that the uninjured grains of barley and rye showed 
slight intake of KN0 3 in comparison with the injured ones. This was not 
the case with wheat, for which, however, Schroeder (10) found imperme- 
ability of seed coverings against KN0 3 . 

The behavior of whole grains of barley and rye as well as those of 
cucumber leads to the conclusion that the seed coverings checked the intake 
of salt and its passage into the tissues of the seed within the layers of the 
seed coverings. 

As far as wheat, pepper and spinach are concerned, it is rather difficult 
to explain their greater intake of KN0 3 as caused by permeability of seed 
coverings. It seems more justifiable to credit this to the layers of testa 
and pericarp in which the salt was accumulated. Here we meet a problem 
that is very important in connection with the methods of seed stimulation 
used by Popoff, and an attempt was made to determine the localization of 
the salt taken in by the seeds. 

To secure some reliable data, studies of the leaching effect of distilled 
water were made. The seeds were removed from the salt solution, dried, 
and soaked four hours in distilled water. This represented only one fourth 
of the time spent in the salt solution, but diffusion was great enough to be 
detected by conductivity measurements. The losses due to this process' were 
calculated in percentage of the salt taken up by the seeds (c/. table I). 
They were different for seeds previously washed and for unwashed seeds. 
We will first consider the unwashed seeds. 

The relation between the intake of salt and the ease of its removal from 
the seeds is plain. When the ions of KNO s penetrated the embryonic seed 
tissues, as was the case in samples B of the cereals, the exosmosis was small, 
and dropped to about half of that loss which was shown by the samples A 


182 


PLANT PHYSIOLOGY 


(32.3 versus- 62.4 per cent.). The vegetable seeds, being ail carefully 

selected, showed losses even greater than those of cereals A, i.e. f 72.2 per 

cent., which indicates that their seed coverings were chiefly responsible for 
absorption of KN0 3 , although the salt was accumulated in a higher degree 
than by cereals A. 

This is corroborated by the behavior of washed seeds. The rinsing of 
seeds was exceedingly short (about 0.001 of the time for the intake of salt), 
nevertheless-, it was possible to get distinct differences in diffusion, when 
washing took place. 

After washing, during the same time and in the same conditions, dif- 
fusion was decreased for spinach, cucumber and pepper from 72.2 to 17.8 
per cent, (loss due to washing 54.4 per cent, of the intake of salt) ; for 

cereals A from 62.4 to 19.3 per cent, (loss due to washing 43.1 per cent .) ; 

and for cereals B from 32.3 to 16.4 per cent, (loss due to washing being only 
15.9 per cent, of the intake of salt). The low numbers for cereals B are in 
good agreement with our assumption that KN0 3 was really absorbed by 
grains with injured seed coverings and therefore elimination of the salt 
from the tissues was not possible by short washing. In the other groups in 
which intact seed coverings prevented the penetration of KN (X. to the endo- 
sperm and embryo, the salt was easily removed, indicating the superficial 
character of its intake. Accordingly, there is little probability, if any, that 
in vegetable seeds and in cereals A the kation and anion could act on the 
protoplasm and stimulate growth (cf. also Kotowski, 6). 

Absorption and permeability for MnS0 4 

The absorption of MnSO* and water, and exosmotic loss of salts from the 
seeds used, are shown in table II. 

The seeds of spinach and pepper showed the largest quantities of salt 
taken in (2.1 per cent, of the seed weight). The gain in salt by barley 
A and B and wheat B was one half of this (1.1 per cent, of seed weight) 
and the minimum amount was absorbed by rye A and B and cucumber 
(0.8 per cent, of seed weight) . For barley A and B, the final inside con- 
centration was 2.91 against 1.43 per cent, final outside concentration. A 
lower gradient was found in spinach, pepper, and wheat A and B (2.22 
versus 1.44 per cent.) . The external solution was stronger than the internal 
only for rye A and B and. for cucumber (1.38 versus 1.5 per cent.). The 
seeds of vegetables were similar in their intake of MnSO* and KNO a . 

In the case of cereals, the difference between samples A and B was small. 
The intact seed coverings checked but little the intake of MnSO„ which in 
quantity exceeded KNO s . Each cereal seemed to exhibit a specific behavior 
toward the intake of MnS0 4 , apparently with little regard to the seed 
coverings'. 
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Stiles and Kidd (14) reported that bivalent ions are at final equilibrium 
absorbed to a much less extent than the monovalent ions. In their experi- 
ments the tissues of carrot were soaked for 42, 64.5, 71.5 and 91 hours. It 
can be concluded in the present investigation that the 16-hour period of 
soaking was far from equilibrium, as to the salt, and one can apply rather 
the initial order of the rate of absorption, in which first place is always 
given to K. Anions appeared, according to Stiles and Kidd (14), to be 
absorbed most rapidly at first in the order : S0 4 , N0 3 , Cl, but later in the 
order: N0 3 , Cl, S0 4 . This observation fits with our case, as far as 1 the 
cereals are concerned, if we suppose that S0 4 was the ion more absorbed 
from MnS0 4 and K from KN0 3 . It was not possible to determine which 
properties govern the rate of intake of MnS0 4 in cereals, and it would be 
premature at present to make a suggestion. 

Considering now the losses due to diffusion of salt from unwashed seed, 
we record for vegetable seeds 43.7 per cent., for cereals A 33.8 per cent., 
and for cereals B 25.1 per cent. loss. 

The judgment upon the character of the intake of MnS0 4 was sup- 
ported by examination of the diffusion from seeds' washed for one minute. 
A decrease was found, however, smaller than for KN0 3 . The vegetable 
seed showed a diminution from 43.7 to 13.6 per cent., and the loss of salt 
due to washing was 30.1 per cent. ; for cereals A, the decrease was from 
33,8 to 13.8 per cent., the loss due to washing being 20 per cent. ; for cereals 
B the diffusion changed from 25.1 to 10.7 per cent., the loss due to washing 
being 14.4 per cent. The percentages obtained in this case were all lower 
than those found for the diffusion process when KNO s was used. These 
results indicate that these two salts act in some w r ays differently on the seeds 
in question. 

The ions of MnS0 4 entered into the seeds in larger quantities and more- 
over were not so easily withdrawn as the ions of KN0 3 . This may be seen 
from the following comparison. If the losses due to diffusion from un- 
washed vegetable seeds in case of MnS0 4 = 1, then we have for KNO s losses 
= 1.6,* the washing process produces a loss of MnSG 4 = 1 as against 1.8 for 
KN0 3 . In the samples of cereals with intact seed coverings only, the ratios 
for unwashed seeds are 1 : 1.8, and for washed seeds are 1 ; 2.1, respectively. 
But little difference occurred within the samples of cereal grains with some 
seed coverings injured. The amount of eliminated salt from unwashed 
seeds with injured seed coverings was for MnS0 4 = 1 and for KNO s = 1.3, 
and the losses due to washing were as 1 (MnSOJ : 1.1 (KN0 3 ). In the 
last group it is clear that the washing process exercised the same effect on 
the seeds soaked in solutions of both of the salts. Prom this presentation of 
ratios we can say that the limiting factor for the penetration of KNO> 
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and MnS0 4 was the impermeability of seed coverings. When this factor 
was not operative the salts reached the embryo protoplasm and there was a 
real absorption by tissues other than testa and pericarp. 

The results of these experiments indicate the important role played by 
the seed coverings in questions of seed stimulation. 

Gola (5) was the first to demonstrate and announce the existence of a 
selective semipermeable layer in seed coverings, and in an examination of 
the seeds of 500 species, belonging to some 40 families, such membranes 
were found to be regularly present, except in the Leguminosae and in 
certain genera of the Gistaceae and Crucifer ae. Brown (2, 3) made the 
first quantitative study of the phenomenon, especially on barley seeds, and 
various other workers contributed extended quantitative studies made on 
other seeds; notably Mabel (7) on squash, Schroeder (10) on wheat, 
Shull (11) on cocklebur; Tjebbes (15) claimed that seeds of the sugar 
beet probably have a selectively permeable membrane as a part of the inner 
seed coat. 

The papers of Brown, Marel, and Schroeder deal with solutions of 
high concentration. But the permeability of seed coverings to the dilute 
solutions of salts applied as stimulants has never been proved to the writer’s 
knowledge. 

Summary 

The effect of 16 hours’ soaking in 1.50 per cent, solutions of KNO a and 
MnS0 4 * 4H 2 0 was studied for 9 lots of seeds. The intake of the salts by 
the seeds, and the diffusion of the salts from the seeds in subsequent soak- 
ing, was determined by means of electrical conductivity measurements of 
the external solutions. From the data recorded, the following conclusions 
may be drawn ; 

1. The intake of salt depends on the kind of seed and on the kation and 
anion of the salt, but the limiting factor is apparently the seed coverings. 

2. The seed coverings exercised a distinct check in the intake* of KN0 3 , 
especially by cereals. 

3. When the seed coverings were intact, absorbed salts were held super- 
ficially. Accordingly, heavy losses in the amount of salts absorbed resulted 
when the seeds were washed one minute. 

4. The samples of cereals with grains partially injured showed high in- 
take of salt and slight losses due to washing, owing to the permeability of 
spots deprived of seed coverings. 

5. The behavior of seed coverings in the presence of chemical stimulants 
must be known in order to escape failures with seed stimulation in work 
done on larger scale. 
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THE USE OF ETHYLENE, PROPYLENE, AND SIMILAR COM- 
POUNDS IN BREAKING THE REST PERIOD OF TUBERS, 
BULBS, CUTTINGS, AND SEEDS 

G. A, Vacha and E. B. Harvey 
(WITH ONE PLATE) 

It has been known for some time that ether (8, 4, 9), chloroform, ethyl 
bromide (1, 5), and other substances (6) may be used for breaking the rest 
period of certain plant materials. Since the time of undertaking the study 
here reported, the use of ethylene for a similar purpose has been advocated 
by Rosa (7), and Denny (2, 3) has published upon the applications of 
ethylene chlorohydrin, thiourea, potassium thiocyanate, and other substances 
in breaking the dormancy of potatoes. Denny did not find ethylene or 
propylene especially effective in breaking the dormancy of potatoes. In 
this study trials of the comparative activity of ethylene, propylene, and 
ethylene oxide in breaking the rest period have been made with a number 
of seeds, tubers, bulbs, and cuttings. 

Breaking the dormancy of potatoes with ethylene 

In making tests of potatoes for the presence r ' mosaic by the tuber index 
method it is desirable to secure as uniform germination of the samples as 
possible. It is desirable to know within as short a time as possible after 
digging, the degree of freedom of the seed samples from mosaic diseases so 
that they may be judged as to grade. The potato has a rest period during 
which it will not sprout even if placed under favorable conditions. 

Selected tubers of Early Ohio, Rural New Yorker, Bliss Triumph, Bur- 
bank Russet, Green Mountain, and Irish Cobbler were obtained from A. G. 
Tolaas, in charge of the Minnesota Seed Potato Certification. The samples 
of these varieties were kept uniform in growth in the field and in storage 
conditions preliminary to trial. 

The tubers were divided into four lots, and six tubers of each variety 
were selected for each lot, or, in other words, each lot contained six varieties 
of potatoes and six tubers of each variety. The tubers were carefully 
selected so as to have the lots as uniform in size as possible. Only those 
tubers free from mechanical injury and disease were used. 

Lots 1 and 2 were then put into culture ovens where the temperature 
was maintained at 20° C. A beaker full of H 2 0 was set inside each oven 
to keep the air moist. 
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Lot 1 was then treated with ethylene gas, one part to one thousand by 
volume, while lot 2 was used as a cheek. At the end of thirty-six hours lot 
1 received the second dose of ethylene. At the end of seventy-two hours 
the third dose was applied, and a fourth dose after 120 hours. The total 
length of treatment was six days. 

A cylinder of ethylene oxide was cooled to 0° C. to liquefy it, and an 
aqueous solution of 1 cc. of ethylene oxide to 1,000 cc. of water w 7 as prepared. 
Lot 3 was soaked in this solution for twenty-four hours. Lot 4 was soaked 
for twenty-four hours in water. Both lots were held at room temperature. 

At the end of the treatment the tubers were spread out and dried quickly 
by blowing a stream of warm air over the tubers. After drying, each lot 
was cut by means of a cork borer into pieces three- fourths of an inch in 
diameter. This gave a very uniform sized seed piece having an average 
weight of one-fourth ounce. The seed pieces were allowed to dry for two 
hours before planting. 

Thirty seed pieces were then selected from each variety and planted in 
a cutting bench in the greenhouse. The seed pieces were planted in rows 
eight inches apart, and four inches apart within the row. Depth of plant- 
ing was two inches. The soil used for planting was of the 3-2-1 mixture, 
light clay, sand, and leaf mold. All four lots received bottom heat, the same 
amount of light, and about the same quantity of water. Data were first 
recorded when the sprouts appeared above the surface of the ground, and 
at other intervals. Table I indicates the marked difference in the length 
of the dormancy among the various varieties as shown by the number sprout- 
ing at fifteen and forty-eight days. Evidently, the Early Ohio variety has 
the longest period of dormancy, followed by Rural New Yorker, Green 

TABLE I 

Effect of ethylene on sprouting of potato varieties 


Number appearing above ground after planting* 


Variety 

15 days 

48 days 

Ethylene 

Lot 12 

Check 

Lot 23 

Ethylene I 
Lot 12 

Cheek 

Lot 23 

Early Ohio 

0 

0 

27 

23 

Bural New Yorker 

2 

0 

28 

25 

Bliss Triumph 

18 

3 

30 

29 

Burbank Busset 

19 

4 

30 

30 

Green Mountain 

4 


29 

29 

Irish Cobbler 

8 


30 

30 


*30 seed pieces of each variety were planted. 

2 Treated with ethylene 1 : 1,000. 

3 Check kept in air six days. 
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Mountain, and Irish Cobbler. The majority of the seed pieces which 
received the ethylene treatment had sprouted in twenty days, except the 
Early Ohio. The majority of these appeared above ground in twenty-eight 
days after planting. In the case of lot 2 (check) a longer time was required 
to obtain complete sprouting, namely thirty-five days. This would indicate 
that the ethylene treatment speeded sprouting from seven to fifteen days. 

In lot 4 the tubers soaked in H 2 0 for twenty-four hours required thirty- 
five days for complete sprouting. Hence soaking the tubers in water had no 
effect on dormancy. Of the tubers in lot 3 soaked in a water solution of 
ethylene oxide (1: 1,000), only few sprouted, which indicates that ethylene 
oxide is very toxic. Most of the seed pieces were decayed when dug up. 

In each case the ethylene-treated seed pieces, when once above the 
ground, grew much faster than the untreated ones. This is very clearly 
demonstrated by the photographs, figures 1, 2, 3, 4, 5, Plate I. The great 
stimulation in all of the tubers treated with ethylene is noticeable. Only 
one set treated with ethylene oxide is shown (table II), because most of 

TABLE II 

Effect of ethylene oxide on sprouting of potato seed pieces 


Variety 

[ Number appearing above ground after planting* 

15 days 

48 days 

Ethylene 

oxide 

Lot 32 

Check 

Lot 43 

Ethylene 

oxide 

Lot 32 

Check 

Lot 43 

Early Ohio 

0 

0 

0 

25 

Rural Now Yorker 

1 

1 

1 

26 

Bliss Triumph 

2 

2 

2 

30 

Burbank Russet 

3 

1 

4 

30 

Green Mountain 

0 

1 

2 

26 

Irish Cobbler 

0 

4 

0 

28 


1 30 seed pieces of each variety were planted. 

2 Treated with ethylene oxide 1 : 1,000 in water for 24 hours. 

3 Check immersed in water 24 hours. 


the seed pieces rotted. Evidently this ethylene treatment will offer con- 
siderable advantage in obtaining rapid growth for the determination of 
tuber index for the mosaic diseases. 

Treatment of corms and bulbs to break the rest period 
The growing of gladiolus in. greenhouses during the winter months is 
not a profitable business on account of the long time required for germina- 


190 


PLANT PHYSIOLOGY 


tion. For this reason only a limited amount of gladiolus is grown under 
glass. Commercial florists have expressed a desire for growing more 
gladiolus under glass if a way to treat them to shorten the length of the 
rest period could be found. 

Forty corms of gladiolus were selected and arranged into five lots; 
twenty corms to lot 1 and five corms to each of the other four. The corms 
were carefully selected so as to be free from disease and injury, and they 
were as uniform in size and weight as possible. All the corms were put into 
air-tight glass-stoppered bottles for treatment as follows : 

Lot 1. Kept in air. 

Lot 2. 2 cc. of ethyl ether were added to 100 cu. inches air space. 

Lot 3. 2 cc. of chloroform were added to 100 cu. inches air space. 

Lot 4. Received ethylene gas, one part to one thousand parte of air. 

Lot 5. Received propylene gas, one part to one thousand parts of air. 

The six jars were put into a culture oven where the temperature was main- 
tained at 20° C. After six days the corms were removed from their re- 
spective jars and planted in flats of soil. 


TABLE ^ III 

Effect of treatment with anaesthetics upon sprouting of gladiolus 


Lot 

Treatment 

No. OF CORMS 
TREATED 

NO. GROWING 

32 DAYS AFTER 
PLANTING 

1 

Check 

20 

1 

2 

Ether 

5 

5 

3 

Chloroform 

5 

4 

4 

Ethylene 

5 

4 

5 

Propylene 

5 

3 


As shown in table III, most of the treated corms were growing, while 
only one of the checks was above ground thirty-two days after planting. 
This experiment was repeated with a larger quantity of corms. Practically 
the same results were obtained. On account of the difficulty of getting 
larger numbers of corms of the same variety which were exactly of the same 
maturity, only the trial with perfectly uniform corms is reported. These 
experiments indicate that the dormant period of gladiolus corms was reduced 
by one half. It is estimated that the growth was advanced twenty-five to 
thirty days. 

It is interesting to note that at the concentrations used ether seems to 
be most efficient in breaking dormancy, followed by chloroform. No differ- 


VACUA AND HARVEY — THE USE OP ETHYLENE 


191 


enee was noted between the ethylene- and propylene-treated cornas. Evi- 
dently these two homologues are about equally effective. However, the 
eorms which received the ethylene and propylene treatment seem to grow 
faster than those treated with ether and chloroform, probably on account 
of some injury by these latter substances. 

In later experiments on the larger lots the average height was deter- 
mined, giving for ether- and chloroform-treated 5 y 2 inches while the plants 
treated with ethylene and propylene averaged 8*4 inches tall. Ethylene 
oxide, concentration 1 : 1,000 was also used, but it appears to be very toxic 
and kills the tissues. 

Dahlia tubers and cuttings of cannas were treated with ethylene 1 : 1,000. 
Ethylene did not seem to hasten growth in the dahlias, but it did stimulate 
the development of a greater number of buds on each root of cannas. On 
each cutting of eanna which received a dose of ethylene two to four buds 
developed, giving two to four plants of good vigor, while the checks with 
few exceptions gave only one plant per cutting. 

Effect of ethylene and propylene on hardwood cuttings 

Hardwood cuttings of apple, plum, cherry, golden willow, red osier, 
lilac, alpine currant, grape, cottonwood, common elder, high bush cran- 
berry, mock orange, honeysuckle, and pear were treated with ethylene and 
with propylene (1: 1,000). Two doses were given, the second dose fol- 
lowing forty-eight hours after the first application. 

The dormancy of all of the above-mentioned twigs was broken so that 
leaves developed, and in the ease of apple and plum flower buds also de- 
veloped. There seems to be very little if any difference between ethylene 
and propylene in their ability to break the dormancy of buds. 

Effect of ethylene and propylene on the germination of seeds 

Dormant seeds of common buckthorn, high bush cranberry, snowberry, 
and Tartarian honeysuckle were treated with ethylene, 1 : 2,000, 1 : 1,000, 
1 : 500, and 1 ; 200 in air. Also propylene was used in the same concentra- 
tions. Buckthorn seeds were soaked for two minutes in concentrated H 2 S0 4 , 
washed thoroughly in H 2 0, and finally washed in a two per cent, solution 
of sodium carbonate. These seeds were then treated for six days with 
ethylene 1 ; 500. They gave almost a perfect germination in thirty-five 
days. Buckthorn seeds receiving a treatment of ethylene 1 : 500 alone 
showed fifty per cent, germination of the seeds in thirty-five days ; slightly 
less than fifty per cent, germination when a concentration of 1 : 1,000 was 
used. Ethylene or propylene 1 : 500 for eight days in three doses gave 
good germination in the case of dormant seeds of high bush cranberry, 
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snowberry, and Tartarian honeysuckle. The use of concentration higher 
than 1 : 500 produces some injurious effects. 

Conclusions 

The dormancy of potato tubers varies in length, being longest in the case 
of Early Ohio and shortest in Bliss Triumph and Burbank Russet. 

Ethylene at a concentration of one part of the gas to one thousand parts 
of air by volume breaks the rest period and hastens the sprouting of tubers. 
The time gained by such a treatment varies from seven days in the case of 
the Early Ohio variety to eight or nine days for Green Mountains and 
Rurals, to fifteen days for Burbank Russet and Bliss Triumph. The treated 
tubers grow faster than untreated ones. The growth stimulation by ethyl- 
ene and by propylene is shown to be greater than the stimulation of ether 
and chloroform in gladiolus. Ethylene oxide, one part in one thousand 
parts of water, was toxic to potato tubers and to gladiolus. Ethylene, either 
alone or after treatments by sulphuric acid, is effective in securing germina- 
tion of seeds of buckthorn, high bush cranberry, Tartarian honeysuckle, and 
snowberry. Ethylene and propylene were found about equally effective in 
breaking dormancy. 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota 
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STIMULATION OF GROWTH OF POTATOES BY ETHYLENE 


Fig, 1, Early Ohio, Upper row, ethylene treated; lower row, cheek. 

Fig. 2. Green Mountain. Upper row, ethylene treated; lower row, cheek. 
Fig. 3. Burbank Russet. Upper row, ethylene treated; lower row, check. 
Fig. 4. Bliss Triumph. Upper row, ethylene treated; lower row, check. 
Fig. 5. Bliss Triumph. Ethylene oxide. 







THE DETERMINATION OP SOLUBLE CARBOHYDRATES* 


It is generally agreed that soluble carbohydrates are the most available, 
as well as the original, source of metabolic energy for plants. Hence, studies 
of the formation, translocation, condensation, hydrolysis and assimilation of 
these compounds have commanded, and will undoubtedly continue to com- 
mand, a major place in plant physiological analysis. Separation between 
soluble and insoluble carbohydrates is here made by classing as insoluble 
those compounds which require hydrolysis before they can be quantitatively 
extracted from plant tissues by water or alcohol. In the strictest sense the 
extraction of dextrins and pentosans is probably accomplished by suspension 
rather than by true solution, but for analytical purposes they may be termed 
4 * soluble” compounds. In the interest of completeness we have included 
the glucosides under this heading, although it is hardly probable that they 
should be classed with the carbohydrates from the standpoint of physiologi- 
cal function. 

A brief treatment of the occurrence, solubility, reducing power and other 
properties of the carbohydrates here considered is given by Haas and Hill 
(4). All but pectins and the gums are readily soluble in water. These and 
the polysaccharides (dextrin, inulin and mannan) are insoluble in hot 80 
per cent, alcohol. It is well known that all naturally occurring free sugars 
with the exception of .sucrose and raffinose reduce Fehling’s solution. The 
saponins also have this property. Other glucosides, the soluble polysac- 
charides, pectins and gums acquire reducing power by hydrolysis, as do the 
non-reducing sugars. Furthermore, such reducing disaccharides as maltose 
and lactose acquire an increase of this property by hydrolysis. The latter 
carbohydrate is added to tissue in the use of commercial taka-diastase, which 
may contain up to 75 per cent, of the sugar. 

The presence of more than two or three per cent, of pentose sugars, or 
of appreciable quantities of galactose or mannose, is generally considered to 
be an indication of poor technique in preservation or separation, since these 
sugars are transition compounds normally present in polymerized forms. 
Davis and Daish (2) are authority for the statement that the presence of 
maltose or isomaltose is due to starch hydrolysis in preservation and they 
object on this ground to preservation by drying. Apparently germinating 
seedlings may be an exception to this rule, but it is general enough in its 
application to be of value. 

* Section III of the report of the Committee on Methods of Chemical Analysis of 
the American Society of Plant Physiologists. 
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Initial separations 

Obviously, the initial separation of soluble carbohydrates depends upon 
a method of killing the tissue which will inhibit enzyme action. A method 
of extraction should then be used which will remove only those substances 
which can be determined together. When a limited number of substances 
are to be estimated it may be possible to make the initial separation with 
water. Generally, however, the first separation is best made with alcohol. 
Because of the rapidly increasing solubility of dextrin and other colloids 
at alcohol concentrations below 70 per cent., and the limited solubility of 
sugars in strong alcohol, an 80 per cent, solution of alcohol is commonly 
used. This extraction has the further advantage of generally separating 
colloidal (protein) and non-colloidal compounds of nitrogen, as well as col- 
loidal and non-colloidal carbohydrates. The end point of the alcoholic ex- 
traction should always be determined. As a general rule, soluble carbo- 
hydrates will be removed as soon as, or sooner than, soluble nitrogen com- 
pounds and one test may thus be made for the two fractions. 

A second extraction with watef or 10 per cent, alcohol will remove dex- 
trins, inulin and soluble pectins, together with a small percentage of hemi- 
celluloses. In the absence of free fructose, acid hydrolysis may be applied 
to this fraction, whereas its use would be impossible if the first and second 
fractions were combined. This order of extraction is sometimes modified 
by using 50 per cent, alcohol to ensure complete extraction and then making 
the extract to 80 per cent, of alcohol to precipitate dextrins and other 
colloids. 

Carbohydrates soluble in eighty per cent, alcohol 

The alcohol fraction contains the substances classed as sugars and also 
the glucosides. If the material has been killed by dropping it into sufficient 
boiling 95 per cent, alcohol to give a final concentration of 75 to 80 per 
cent., and extraction completed at the same strength, the colloidal carbo- 
hydrates, pectins, etc., will be practically excluded. The presence of fruc- 
tose, which is claimed by Haas and Hill (4) to constitute more than half 
of the total sugars in many plants, governs the handling of this extract, 
and precludes the use of basic lead acetate in clearing, extended heating in 
acid hydrolysis, or any heating in the presence of a base or a lead salt. 

Clearing.— Although 80 per cent, alcohol precipitates many interfering 
colloids it extracts lipoidal substances, chlorophyll, tannins, and flavones 
which may make filtration almost impossible when the sample is taken up 
in water. In addition amino-acids and tannins reduce Fehling’s solution. 
Tannins whenever present should be removed by clearing. Unfortunately 
no good method is available for removing amino-acids and where these sub- 
stances are present in quantities an error is introduced into the reducing 
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and total sugar values. This error should be small with most types of plant 
materials. 

Three materials have been in common use as clearing reagents. Alumina 
cream may be used to flocculate colloids, but is of no value in removing non- 
colloidal impurities. Neutral lead acetate is a convenient clearing reagent 
which removes tannic acid, pectins and many flavones, and flocculates col- 
loidal materials generally. The work of Loomis (6) indicates that a con- 
siderable excess of neutral lead acetate may safely be used in the presence 
of fructose, and also that this material answers all clearing requirements in 
the removal of organic impurities, when the sugars are to be estimated by 
copper reduction. Basic lead was shown, in the same paper, to precipitate 
as much as 15 per cent, of the reducing substances present, without any 
apparent gain in clearing effectiveness. Potassium oxalate is recommended 
for deleading on the basis of the work of Sawyer (11), Mead and Harris 
(8), and Loomis (7). Hydrogen sulfide and mono-sodium phosphate re- 
move the lead more completely than potassium oxalate, but leave the solution 
acid. Sodium carbonate and disodium phosphate are effective deleading 
agents but their alkalinity is destructive to fructose, while the use of sodium 
sulfate is liable to entail difficulties in filtration. 

Convenience in clearing usually requires that the lead precipitate be 
filtered off before deleading. Otherwise the flocculating effect of the clear- 
ing reagent is lost and filtration proceeds with difficulty. Reducing impuri- 
ties may also be returned to solution. As stated above, fructose must not 
stand with lead acetate and the solution should not be raised above room 
temperature, either during clearing or after deleading, unless the last traces 
of lead are first removed. 

Reduction. — Two methods of copper reduction are in general use, the 
two minute boiling of Munson and Walker (9), and the longer heating at 
80° C. of Quisumbing and Thomas (10). Any reduction procedure must 
be carefully standardized and the method of Quisumbing and Thomas 
appears to have the advantage in that the temperature does not vary with 
altitude and barometric pressure, and variations of a few seconds in heating 
time constitute a much smaller percentage error with the longer heating 
period. It is also claimed that auto-reduction and reduction by sucrose are 
avoided. The Munson-W alker method has the advantage of complete 
tables but requires more attention. However, if a simple water manometer 
is attached to the gas line so that the gas pressure can be adjusted accu- 
rately, the heating conditions of the Munson-Walker method can be main- 
tained without great difficulty. 

A common, six-hole water bath may be used in the Quisumbing and 
Thomas method if it is provided with a motor-driven stirring device and 
protected from air currents. Both the bath and the burners should be sur- 
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rounded by an asbestos board screen. With some experience the tempera- 
ture may be manually controlled with considerable accuracy by means of 
adjustable pinch cocks and a gas pressure manometer. 

In addition to the directions on preparation of crucibles given on pp. 
190-191 of the revised methods of the A. 0. A. C. (1) it is advisable to 
make one or more blank runs with new crucibles until their weight becomes 
nearly constant. The loss of important samples may be avoided in this way. 

Determination of reduced copper. — Direct weighing of cuprous oxide 
is generally the most convenient method of determining reduced copper for 
the inexperienced chemist. This method is not “ official* * for plant extracts 
but has been shown (6) to give comparable results when sufficient copper 
can be weighed to reduce the percentage error of the fluctuations in the 
weight of crucibles. As a general rule, reductions giving less than 20 mg. 
of copper should not be weighed directly, and even at this figure, the per- 
centage error is high. With a sufficiently large cuprous-oxide precipitate, 
standard methods of calculation may be used with reasonable assurance of 
comparable, if somewhat high, results, or an empirical copper factor may 
be introduced to correct for the low percentage of copper in the precipitate 
from plant extract reductions. This percentage has been found to be 
roughly constant for a given lot of material and to vary around a value of 
87.2 per cent, copper instead of the theoretical value of 88.8 per cent. (6). 

Many laboratories employ the volumetric-permanganate method of deter- 
mining copper and feel that with solutions standardized and some practice 
in titration, it is a more rapid method than direct weighing. With the 
proper precautions, particularly in standardization of solutions, potassium- 
permanganate titration should be preferable for small quantities of cuprous 
oxide because it eliminates the principal source of error in direct weighing, 
namely, the fluctuations in the weight of crucibles. The direct titration 
method of Shaffer and Hartman ( 12 ) has given irregular results with 
plant materials. Apparently variations in character of the tissue may 
affect the end-point of the titration. Under such conditions, of course, the 
method is worthless. The committee feels that the Shaffer and Hartman 
method should not be recommended for general use on plant material with- 
out further trial. 

The picric-acid method of estimating reducing substances has been advo- 
cated for rapid work and for the estimation of minute quantities of sugars. 
As modified by Willaman and Davison ( 13 ), only 1 ml. of dilute sugar 
solution is required for each determination. This is of especial advantage 
when limited quantities of tissue are available for analysis. 

Hydrolysis of di- and trisaccharides.— Sucrose is the disaccharide for 
which this step is usually intended and the increase in reduction following 
inversion is frequently reported as sucrose. Maltose, raffinose, melibiose 
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and various glueosides, if present in the solution, will also show increased 
reducing power after hydrolysis with acid. Proper killing methods can 
usually be depended upon to eliminate maltose from consideration. This 
is fortunate, since maltose cannot be hydrolyzed in the presence of fructose 
without destroying the latter sugar. Seedlings of starchy seeds are an ex- 
ception to this rule and may contain several per cent, of maltose, but they 
apparently contain little free fructose. Baffinose and melibiose are of lim- 
ited occurrence, but may be estimated by the official method for determining 
sucrose and raffinose in beet products [p. 187, revised methods A. 0. A. C. 
(1)]. The presence of glueosides may introduce an appreciable error in 
the total sugar determination unless invertase is used to invert sucrose. 
Acid hydrolysis under Herzfeld’s conditions [pp. 186-187, revised methods 
A. 0. A. C. (1)], either 10 min. at 70° or 24 hours at 20° C., would seem 
to be applicable to alcohol preserved samples in the absence of glueosides. 
Unfortunately, glueosides are very widely distributed, and the justification 
of the use of acid on a particular material must rest upon the investigator. 
Commercial preparations of invertase are now available and detailed direc- 
tions for their use are given in the revised methods of the A. 0. A. C. (pp. 
183-6). 

Glucosides. — The glueosides as a class have received very little attention, 
although the work of Harvey (5) on apple twigs indicates that in this in- 
stance, at least, the proportions of a glucoside seem to follow the total 
metabolism curve very closely. If glueosides accumulate as a result of 
metabolic activities, their increase should be a better measure of such activi- 
ties than the disappearance of sugars, because it would be less directly 
affected by photosynthesis and hydrolysis. 

The term glucosides includes a large number of compounds, some of 
which are little related beyond the fact that they are all combinations of a 
reducing sugar and some aromatic substance. They may react as weak 
bases (solanin only), or as weak acids, or they may be neutral compounds. 
In general they are soluble in water or dilute alcohol but not in absolute 
alcohol and are precipitated by basic lead acetate ; the acid glucosides are 
also precipitated by neutral lead acetate, and all are hydrolyzed to reducing 
sugars and aromatic compounds by mineral acids or appropriate enzymes. 
The method of estimating a glucoside must, therefore, be specific as to both 
the glucoside to be estimated and the material from which it is isolated. 

The method devised by Harvey (5) for the estimation of phloridzin in 
apple wood is based upon the reducing value of the glucose liberated upon 
the hydrolysis of this compound. A portion of the solution in which sucrose 
has been inverted by invertase should be used. The difference in reducing 
value before and after hydrolyzing with 2 per cent, hydrochloric acid for 
fifteen minutes is calculated as glucose, multiplied by the factor 2.42 and 
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expressed as phloridzin. A similar method could probably be used for 
arbutin in pear wood. In the case of the saponins, which reduce Folding's 
solution both before and after hydrolysis, some means of separation is re- 
quired which is adapted to the particular compound being determined. The 
glucosides are of special interest, first because they may be erroneously 
reported as non-reducing sugars, and second because they offer a suggestive 
field for future physiological work. 

Carbohydrates soluble in water but not in strong alcohol 

The compounds in this group are present in the plant largely as colloids 
which are easily suspended in water, but are precipitated by the 80 per cent, 
alcohol used for extracting sugars. Some of them are removed quantita- 
tively and may be estimated from this fraction. Others are only partially 
soluble and should be considered here only as impurities in the soluble, or 
as losses from the insoluble, fraction. 

Dextrin. — Dextrin is generally present in small quantities in starch- 
bearing tissue. At certain stages, dextrin may form an important part of 
the weight of starch storage organs. Davis and Sawyer (3) report as much 
as 4 or 5 per cent, of dextrin, on a dry weight basis, from leaves of the Irish 
potato, collected just after midday. Ten per cent, alcohol is frequently used 
for separating dextrin from starch in the residue from the alcoholic extract. 
When 50 per cent, alcohol is used for the first extraction, the dextrin is 
recovered from the extract by making it to 80 per cent, and allowing to 
stand. Dextrin is not easily precipitated by basic lead acetate and this 
material is recommended for clearing the water extract when dextrin and 
inulin are to be determined separately from the same sample. Neutral lead 
acetate is preferable at other times. The cleared extract is deleaded, hydro- 
lyzed for 2,5 hours at the temperature of boiling water with 2 per cent, 
hydrochloric acid, neutralized, and its dextrose equivalent determined by 
copper reduction. 

Intjlin. — This is a condensation product of fructose which is found in 
many Compositae and monocots sometimes associated with starch and dex- 
trin, although usually occurring alone. Inulin is readily suspended in 
water, but not in dilute alcohol. An extract containing inulin should be 
cleared with neutral lead acetate unless it is desired to remove this com- 
pound in order to make a separate determination of dextrin, Inulin is 
hydrolyzed with weak hydrochloric acid and determined as fructose. Be- 
cause of the nature of the product of hydrolysis, very careful heating is 
required. The Bureau of Standards workers employ 1 per cent, acid and 
heat at 70° C. for 35 minutes. 

Pectic bodies. — Because of their partial solubility, pectic bodies may 
cause difficulty in water or dilute alcohol extractions. Some of these sub- 
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stances precipitate as a gel upon cooling and so are not truly soluble. For 
this reason their determination will be considered in another section; at the 
same time they may seriously interfere with the handling of the water ex- 
tract, particularly from fruits, fleshy stems and roots, and may even make 
a wafer or weak alcohol extraction impossible. Difficulties may be mini- 
mized by extracting with water or 10 per cent, alcohol at room temperature 
and by clearing this extract with neutral lead acetate before hydrolysis. 

Gums, hemicelluloses, etc. — Many materials of a gummy nature are 
partially soluble in water and must be removed from the dextrin-inulin frac- 
tion. Neutral lead acetate is suggested for this purpose. This solubility 
may also affect the total acid hydrolizable fraction. If, however, the water 
extract is filtered after cooling, the precipitate can be included in the deter- 
mination of insoluble carbohydrates according to the outline given in an- 
other section of this report. 

This report was organized by W. E. Loomis for the Committee. 

C. 0. Appleman, 

W. E. Loomis, 

T. G. Phillips, 

W. E. Tottingham (chairman), 

J. J. WlLLAMAN. 
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THE DETERMINATION OF NITROGEN IN RELATIVELY 
SIMPLE COMPOUNDS* 

It is assumed that the forms of nitrogen to be determined are present in 
the aqueous extract of plant material, which has been freed from protein, 
or in the solution obtained by extracting with 80 per cent, alcohol. The 
total amount of nitrogen in such extracts is usually rather small, and it is 
present in several different compounds. In no case has a complete deter- 
mination of the distribution of nitrogen been made. One of the most 
thorough studies of this kind is that of Vickery and his co-workers on 
alfalfa (10). Because of the uncertainty as to the individual compounds 
present, and the practical impossibility of determining them in routine 
analysis, it has become customary to estimate the amounts of nitrogen 
present in certain forms of combination. 

The determinations made most frequently are : Total nitrogen, including 
nitrates if these are present; ammonia nitrogen; amide nitrogen; amino- 
acid nitrogen; and nitrate nitrogen. Less frequently, basic nitrogen and 
the nitrogen of proteoses are determined. Often the sum of the various 
forms determined is subtracted from the total nitrogen and the difference 
called “Rest,” “Residual” or “Other” nitrogen. The amount of this 
fraction and its relation to plant behavior indicate the need of its further 
separation and study, but methods are not as yet available for this purpose. 
How many of the possible determinations are to be made in any given case 
will depend on the amount of material available and the purpose of the 
study. No methods can be described which are equally useful for all plant 
materials. In each case preliminary studies must be made to learn the 
applicability of the methods and the size of aliquots best suited for use in 
the various determinations. 

In most of the determinations the nitrogen is converted into ammonia 
and estimated titrimetrieally. The amounts to be determined are usually 
small. It is necessary therefore to use especial care in selecting reagents 
free from nitrogen, in avoiding contamination and in carrying through 
suitable blanks. Solutions of H 2 S0 4 and of NaOIT of 0.02N strength will 
be found convenient. Each cc. of such solutions is equivalent to 0.28 mg. 
of nitrogen. The alkali used should be free from carbonates, and both 
solutions should be made with 00 2 free water, and preserved in well sea- 
soned bottles. They are conveniently connected by siphons to burettes 

* Section IV of the report of the Committee on Methods of Chemical Analysis of 
the American Society of Plant Physiologists. 
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with three-way stop cocks, and the NaOH solution should he protected by 
a soda lime guard tube. The strength of the solution should be checked 
at frequent intervals, as even in well seasoned bottles, the alkali is likely to 
increase slowly in strength. 

Total nitrogen 

If nitrates may be present in the material a test should be made for 
them. The test should be carried out carefully and approximately quan- 
titatively, so that in case only a trace is present a fair estimate can be 
made of its amount. A portion of the aqueous extract (if an alcoholic 
extract is used the alcohol is removed by evaporation and the residue taken 
up with water) is treated with a slight excess of saturated neutral lead 
acetate solution. The resulting mixture is then made just alkaline to 
litmus with NaOH. The heavy precipitate is filtered off. With most 
materials this treatment removes so much of the organic matter that the 
diphenylamine test for nitrate as described by Withers and Ray (11) can 
be used satisfactorily. Should the test be negative, it is advisable to repeat 
it on portions of the cleared solution to which enough nitrate has been added 
to equal one part per 100,000 and one part per 1,000,000, The test should 
detect one part per 1,000,000 of nitrate nitrogen in the presence of some 
organic matter. In pure solution it is much more sensitive than this. 

A. In the absence of nitrates. — Any of the official modifications of 
the Kjeldahl method may be used (1). The determination of small amounts 
of nitrogen, 2 to 10 mg., and the consequent use of 0.02N solutions of acid 
and base, make rather extreme care necessary. The distillation may be 
made through block tin condensers, preferably using distilling bulbs and 
tubes of hard glass. It is desirable to have a very efficient trap of the 
Davisson or similar type in the distilling bulb. Methyl red is very satis- 
factory as an indicator, and the end point is sharpened materially if the 
distillate is boiled and cooled before it is titrated. 

B. In the presence of nitrates. — The nitrogen of nitrates is fixed by 
combination with an aromatic compound, such as salicylic acid. The nitro 
groups are reduced and the total nitrogen is then liberated as ammonia by 
the usual Kjeldahl digestion. This method gave very erratic results until 
it was found that it is satisfactory on dry samples but very unreliable if 
water is present. 

Ranker (6) has made a study of this determination, and the method 
described below is taken largely from his work. 

Reagents needed.— Concentrated H 2 S0 4 , nitrogen free, 30 ce. 

of which contain 1 gm. of salicylic acid. 

Sodium thiosulfate crystals. 

Concentrated NaOH, 50 per cent, by 
volume. 
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The Determination . — A suitable aliquot of the extract is pipetted into 
a Kjeldahl digestion flask. It is brought to exact neutrality and evaporated 
just to dryness on a steam bath. Thirty cc. of the sulfuric-salicylic acid 
mixture are added and mixed thoroughly. The flask is stoppered and 
allowed to stand at least an hour, preferably over night. Five gm. sodium 
thiosulfate crystals are added and the mixture is heated for five minutes 
over a low flame. After cooling, 7-10 gm. of K 2 S0 4 or anhydrous Na 2 SG 4 , 
and a pinch of CuS0 4 are added,, and digestion and distillation are carried 
out as in the usual Kjeldahl procedure except" that no Na 2 S is necessary, 
and the digest is neutralized by adding 100 cc. of the 50 per cent. NaOH. 

Amino nitrogen 

A portion of the extract is evaporated on the water bath to remove 
alcohol. When the volume has become small, about 25 cc. of water may be 
added and the evaporation continued. This is repeated until all traces of 
alcohol have been removed. The material is transferred with water to a 
volumetric flask and diluted to volume. Such a volume of the original 
extract should be taken # for evaporation, that, of the final volume, 4 cc. 
contains at least 1 mg. of amino nitrogen. 

Amino nitrogen is determined by means of the Van Slyke (9) amino 
apparatus. Descriptions of the apparatus and the technique of its use, 
and the tables necessary for calculating the results are to be found in the 
standard texts of Physiological Chemistry, such as those of Hawk and 
Bergeim and of Mathews. The micro size of apparatus can be used, with 
a 2 or 4 cc. sample. It may be desirable occasionally to use the larger 
reaction chamber w T ith the micro-burette, so that a larger sample, up to 10 
cc., may be taken. 

If the solution is nearly colorless, and no great amount of buffer is 
present, amino nitrogen may be determined by the Sorensen formol titra- 
tion method as described by Jodidi (4). Neutral formalin is added to the 
neutralized solution. Acidity develops due to the destruction of the base 
forming properties of the amino groups by the formaldehyde. The amount 
of nitrogen originally present in such groups is measured by the amount 
of base required to bring the acid solution to neutrality again. 

Ammonia nitrogen 

It is rarely the ease that ammonia nitrogen is present in plant extracts 
in amounts sufficient to make a satisfactory estimation possible. The de- 
termination must be made, however, to serve as a blank in the determina- 
tion of amide nitrogen. The ammonia is aerated or distilled from a slightly 
alkaline solution into a measured excess of standard acid and its amount 
determined by titration. Any volatile bases other than ammonia that may 
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be present are included by this method. The amount of such bases is 
usually very small and their inclusion is not objectionable if the result is 
to be used only as a blank for the amide determination. If a more exact 
estimate of ammonia as such is desired it may de determined colorimetrieally 
in the distillate by the use of Nessler’s reagent. So far as results have 
been reported, however, this method has not proven entirely satisfactory 
with plant materials. Further studies of the use of this method are needed. 
For rendering the solution slightly alkaline before distillation, a slight 
excess of magnesia cream may be used. At the boiling temperature even 
this mild reagent may liberate some amide nitrogen or other nitrogen easily 
split off, and thus make the results for ammonia too high. The distillation 
is better carried out at 40° to 50° C. in vacuum. Distillation in vacuum 
with alcohol and Ca(0H) 2 is an excellent method described by Van Slyke 
(8) for removing ammonia from protein hydrolysates'. 

Amide nitrogen 

This is freed as ammonia by boiling an aliquot of the solution under a 
reflux for 2.5 hours with 6 per cent. HC1. The acid is neutralized and the 
ammonia distilled and determined as described in the previous paragraph. 

The amount of amide nitrogen is found by subtracting from the total 
amount obtained, the ammonia nitrogen from an aliquot of the same size. 

The following semi-micro methods may be used on portions of the 
extract freed from alcohol for the amino nitrogen determination, provided 
it has been concentrated sufficiently so that 10 cc. contain at least 1 mg. of 
amide nitrogen. 

Ammonia nitrogen . — Ten cc. of the concentrated extract are pipetted 
into a pyrex test tube 30 mm. x 200 mm. The tube is connected in the 
Van Slyke-Cullen urea apparatus with a similar receiving tube containing 
a measured volume, 10-25 cc., of 0.02N H 2 S0 4 . Six or seven drops of 
capryl alcohol (technical) are added to each tube to prevent foaming, and 
15 cc. 52 per cent. K 2 C0 3 to the sample. Van Slyke recommended aeration 
for 30 min. at such a rate that a total of at least 120 liters of air are used. 
As it' is sometimes inconvenient to measure the rate of aeration it is safer 
to aerate at a rapid rate for at least 45 minutes. The excess acid may be 
titrated in the test tube, using the aeration tube as a stirring rod. 

Amide nitrogen . — Another 30 cc. portion of the concentrated extract is 
pipetted into a pyrex test tube 30x200 mm. Two or three pieces of 
granulated pumice the size of a grain of wheat or smaller and 0.6 cc. cone. 
H 2 S0 4 are added. The tube is heated to gentle boiling under a reflux con- 
denser for 2.5 hours. This may be done easily by the low flame of a Bunsen 
burner if the tube rests on an asbestos board with a hole in it about one- 
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half the size of the tube. The solution is cooled and nearly neutralized 
with 40 per cent. NaOH, about 2.2 cc. being required. The ammonia is 
aerated as described under ammonia nitrogen except that 20 cc. of 52 per 
cent. K 2 C0 3 are used. Prom the nitrogen found, that estimated as am- 
monia nitrogen is subtracted. The remainder is amide nitrogen. In both 
these aerations a trap tube containing H 2 S0 4 (0.5 N is sufficient) should 
be inserted in order to remove ammonia from the air. 

Nitrate nitrogen 

The colorimetric determination of nitrate nitrogen in plant extracts 
presents unusual difficulties. It is necessary (1) to remove chlorides; (2) 
to remove organic compounds as completely as possible by clearing; (3) to 
destroy such organic compounds as cannot be removed by clearing. A 
method using the phenol-disulphonic acid reagent has been proposed by 
Burrell and Phillips (2). This method is admittedly cumbersome, and 
is troublesome, too, because of the extreme care which must be used in 
obtaining reagents free from nitrogen. Properly carried out it is capable 
of yielding excellent results. It is to be hoped that further study may make 
this method somewhat more convenient. 

Nitrate nitrogen may be reduced to ammonia nitrogen by the use of 
Devarda ’s alloy in alkaline solution. Strowd (7) has based a method for 
determining nitrates in plants on this fact. Two equal aliquots of the 
solution, made equally alkaline are distilled, one with, the other without 
the addition of Devarda ? s alloy. The ammonia obtained in the former 
distillate in excess of that in the latter is taken to represent the nitrogen 
originally present as nitrate and nitrite. Chibnall (3) has used a similar 
method. Burrell and Phillips (2) have found a loss of nitrate nitrogen 
by this method in the presence of ammonia and amide nitrogen. 

This loss may be avoided by determining nitrate nitrogen in the solution 
remaining in the test tube of the Van Slyke-Cullen apparatus after the 
removal of amide nitrogen. The contents of the tube are washed into a 
Kjeldahl flask to a volume of about 125 cc. and boiled down to a small 
volume, 15-25 cc., but not to dryness. The residue is cooled, diluted to 300 
cc., and a few drops of paraffine oil are added to prevent foaming. Finally 
1 gm. Devarda alloy is added and the mixture is distilled at once through 
a Kjeldahl apparatus into an excess of standard acid. The K 2 C0 3 present 
provides alkalinity suitable for the action of the alloy, the reduction is 
complete, and the ammonia recovered is a measure of the nitrate and nitrite 
nitrogen originally present. In case this method is to be used the amide 
hydrolysis must be carried out with H 2 S0 4 , as some nitrate nitrogen is lost 
on boiling with HC1. At the beginning of the distillation the mixture 
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should be watched carefully, as the K 2 C0 3 solution tends to foam badly 
just as it starts to boil in spite of the addition of paraffine oil. It may be 
necessary to remove the flame for a short time at this point. Once the 
boiling has well started, excessive foaming stops. This method has been 
used successfully in several cases, but doubtless its general applicability 
should be studied more thoroughly. 

Humin nitrogen 

During the acid hydrolysis for amide nitrogen humin nitrogen may be 
precipitated. Its amount may be determined by filtering the residue from 
the distillation of amide nitrogen with magnesia or lime, washing and 
estimating total nitrogen in the insoluble residue by the Kjeldahi method. 

Basic nitrogen 

The addition of phosphotungstie acid to the acidified filtrate from the 
humin determination results in the precipitation of basic nitrogen. The 
Hausmann method, as modified by Osborne and Harris (5) for the de- 
termination of basic .nitrogen in protein hydrolysates may be adapted for 
this estimation. 

Proteose nitrogen 

Chibnall (3) precipitates proteoses from protein-free plant extracts 
by saturating the acidified solution with zinc sulphate. The precipitate 
is washed, redissolved, reprecipitated, washed again, redissolved and made 
up to a definite volume. Total nitrogen is determined in an aliquot of this 
solution by the Kjeldahi method. 

This report was organized by T. G. Phillips for the Committee. 

C. 0. Appleman, 

W. E. Loomis, 

T. G. Phillips, 

W. E. Tottingham (chairman), 

J. J. Willaman. 
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BRIEF PAPERS 


AN APPARATUS FOR CONTROLLING THE FLOW OF NUTRIENT 
SOLUTIONS IN PLANT CULTURES 

(WITH ONE FIGURE) 

Each advance made in plant nutritional studies brings with it the 
realization that ultimately some satisfactory method of experimentation is 
yet to be devised whereby low concentrations of a given salt solution may 
be maintained in contact with the roots of plants. A solution of this 
problem may be approached by continuously renewing the culture medium. 
Several investigators 1 have already applied this method and described their 
apparatus. One phase of an investigation dealing with low potassium 
requirements of the tomato plant led to the devising of an apparatus of 
large capacity and flexible enough to be adapted to various types of experi- 
ments involving flowing solutions. All essential parts can be made and put 
together from materials usually found in plant physiological and chemical 
laboratories. 

The two essential units of the apparatus are represented in the accom- 
panying figure on tables T and T. The plant container, P, is a 5-gallon 
glazed, earthenware jar. A special cover made of heavy sheet copper fits 
each of the 24 jars used in these experiments. Five holes were cut in each 
cover and then a heavy coating of tin was applied as a precaution against 
copper poisoning. These holes were large enough to receive the flat cork 
stoppers commonly used to support plants in ordinary fruit jars. The 
rate of flow from the plant container into the waste tube, F, is controlled by 
raising or lowering the siphon, E, which fits tightly into one of the cork 
stoppers of the cover. A delicate adjustment of stop-cocks is thus entirely 
eliminated. The rate of flow in one experiment was adjusted to approxi- 
mately 7 liters per day per each jar, which in this case contained a single 
plant. Higher and lower rates can easily be had by simply adjusting the 
height of the outlet siphon. 

i Trelease, S. F., and Livingston, B. E. Continuous renewal of nutrient solution 
for plants in water culture. Science, n. s. 55: 483-486. 1922. 

Allison, R. V., and Shive, J, W. Studies on the relation of aeration and con- 
tinuous renewal of nutrient solution to the growth of soybeans in artificial culture. 
Amer. Jour. Bot. 10: 554-566. 1923, 

Anderson, F. G. A device for maintaining constant level of culture solutions. 
Plant Physiology 1: 417-418. 1926. 
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Fig. 1 . Apparatus for controlling flow of nutrient solutions. Description in text. 
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In the experiment just noted, six 5-gallon jars were connected to a sub- 
reservoir, R, by means of siphons, D. As illustrated in the figure, this 
reservoir is connected by siphon, G, to the other unit of the apparatus, the 
constant level jar, L. A desired level is maintained by a modification of 
the well-known Mariotte flask. When a solution in L drops below the end 
of tube A , air enters the 10-gallon bottle, $, and with its partial vacuum 
thus destroyed fresh solution flows into L through the siphon B until the 
solution in L again rises high enough to enter tube A and attain a height 
that balances the partial vacuum in 8. It is of course necessary that an 
air tight stopper be used in bottle 8 and that the stop-cocks, G and H be 
closed. Tube A should be approximately 7 mm. inside diameter with the 
lower end cut or ground at an angle. This prevents water from “hanging” 
in the tube when air should be entering. New solution is made up in bottle 
S' and then drawn up into bottle 8 by applying suction at H after opening 
the cocks G and H and closing A and B. It is well to paint the glass tubing 
and bottles black. This excludes enough light to prevent the growth of 
algae. 

Attention is called to one essential difference between the types of 
apparatus heretofore described and the present one. In the former cases 
the rate of flow of nutrient solution is regulated before the solution enters 
the plant container. This is accomplished either by delicately adjusting 
stop-cocks or by passing the solution with a given hydrostatic head through 
proper lengths of capillary tubing. In the apparatus here described the 
outlet siphon controls the rate at which the solution flows from the plant 
container. This rate, together with that of transpiration, determines the 
rate of flow into this container. While the rate of flow through the outlet 
siphon remains practically constant for a given adjustment, that of tran- 
spiration may vary from hour to hour as well as from day to day. There 
is thus a definite amount of solution flowing from the plant container per 
unit of time which is always in excess of the transpiration by an amount 
depending on the adjustment of the outlet siphon. 

It is a pleasure to acknowledge indebtedness to Professor D. R. Hoag- 
land, of the Division of Plant Nutrition, University of California, for the 
facilities and equipment used in conducting the experiments involving the 
apparatus herein described. — Earl S. Johnston, Laboratory of Plant 
Physiology , University of Maryland . 
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DEVICES FOR SOWING AND GROWING SPORES 

(WITH TWO FIGURES) 

The usual but somewhat antiquated methods for sowing spores and small 
seeds in laboratory cultures- results in great unevenness in distribution. In 
many places on the culture media the spores fall in masses and are then 
too dense for even growth, while other areas may be missed entirely. 
Despite much good work that has been done by these old methods, especially 
with certain spores, experience has shown that more uniform sowing of 
spores and seeds conduces to more normal growth and behavior of the 
structures that the spores produce. Prothallia and protonemata are 
capable of growing very densely and often do so in artificial cultures here 
referred to. Their ability to grow very densely exceeds that of most of the 
higher plants. However, such compact growths as are often seen when 
grown artificially are rarely, if ever, seen in nature owing to proper dis- 
semination. Although it is clear that excessively dense growth in this 
respect is disadvantageous, a critical comparative study as regards the 
degree of influence exerted by growth density has yet to be made. 

The writer, however, has constructed two devices which make it possible 
to sow spores very uniformly and to grow them in a better way than is 
possible by the usual methods. 

The first of these, which is for sowing the spores, is shown in figure 1. 
It consists- of a clear glass cylinder A, 5 cm. in length and has a uniform 
diameter of 16 mm. This size has been found convenient, although larger 
or smaller sizes of these glass cylinders are sometimes advisable, according 
to the volume of material available. A much smaller cylinder is preferable 
where only a small quantity of spores can be obtained. A cork B, one cm. 
in length and that just fits the cylinder closes the latter when not in use. 
Through the center of the cork is passed a glass tube C, having a bore of 
4 mm., a length of 11 cm. and flared at its upper end. A cylinder of Swiss 
silk gritgauze D, 9 cm. long and that fits both cylinder and cork closely, is 
held to each of these by means of tight rubber bands, E. Such a cylinder 
of new gritgauze is stiff enough, if properly made, to support the weight 
of the glass cylinder -when in a horizontal position and will not collapse 
easily. It is therefore more suitable than any other material, except metal 
gauze which, of course, should not be used for this purpose. The flared 
tube C is used to introduce spores into the sterilized glass cylinder without 
opening the latter. The tube is then plugged with cotton. It also assists 
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Fig. 1. Device for sowing spores. 

in revolving the contrivance while sowing the spores and enables one to 
adjust the position of the glass spore container in the gritgauze cylinder D. 
A gritgauze cylinder having 4 to 6 meshes to the mm. sows fern or moss 
spores thickly enough if properly manipulated. For certain small seeds 
gritgauze having meshes 2 mm. square may be obtained. Figure 1 shows 
the apparatus closed, when it serves as a sterilized container. By shoving 
the glass tube C through the cork B, the desired adjustment of the glass 
spore container in the gritgauze cylinder is attained. In this way narrow 
or wide swaths of spores may be sown. When the apparatus is extended 
the spores are allowed to slide to the cork. The cylinder is then rotated in 
a horizontal position which allows the spores to be sown evenly and to the 
desired density. This should first be tested by passing the rotating cylinder 
over white paper. By means of this test it can be seen that great uniform- 
ity as to distribution is obtained. By holding the apparatus close to the 
sterilized culture medium while operating, the drifting of the spores by 
currents of air is avoided which is hardly possible by former methods. It 
is further advisable to place the culture inside of a sterilized glass case and 
then sow the spores. 
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The second device is for growing the spores as is shown in figure 2. It 
consists of a circular zinc box F, 25 cm. in diameter and 6 cm. deep. In 
the roof of this box is a circular opening G, the rim of which, as well as the 

periphery of the box, is turned up at right angles to a height of 12 mm. in 

order to hold a layer of distilled water for moisture control. The sides of 

the box F, are covered for part of their height by a strip of brass wire 
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gauze having 8 meshes to the mm. and in addition this may be supplemented 
by a sterilized cloth covering, where necessary. The culture of spores H, 
sown as above indicated, is placed flush with the top of the central open- 
ing G. Over this is placed a low bell-jar I, with its lower edge submerged 
in the water. The shorter the bell- jar the better, but any tall bell-glass 
may be quickly cut off to the desired height by means of a number 20 
nichrome wire carrying a 110 or 220 volt electric current which may be 
regulated by a rheostat. A terminal tubulure J, or better a lateral one K, 
carries a glass tube held in place by cotton or a rubber stopper according 
to requirements. This tube may be used for watering the culture without 
opening the apparatus, or for connecting with an aerating contrivance for 
the passage of air. If temperature control is necessary, a thermometer may 
be enclosed in I, and any desired temperature maintained. When carefully 
put together this piece of apparatus excludes the fungus-gnat and other 
insects, and obviates the danger of contamination, especially by moulds 
which often partly or completely destroy such cultures when grown by 
less controlled methods. 

The fine brass wire gauze on the sides of F may be closed for certain 
experiments by a special contrivance. This consists of an adjustable metal 
draw-band L, wide enough to cover the brass wire gauze and provided with 
a tube M. It is coated with paraffin and made gas tight by means of 
plastilina or a suitable gasket on which the band is drawu tight. The 
interior of F should also be heavily coated with paraffin of a high melting 
point in order to insulate the surface of the metal, and a layer of paraffin 
oil substituted for the distilled water at G. For certain studies the bell-jar 
I may be cemented gas tight to the roof of F by a stiff air pump wax- 
mixture. The arrangement just described, especially when the spores are 
grown on a suitable substratum, extends the usefulness, of the apparatus 
by enabling the operator to perform a great variety of experiments of 
physical or chemical nature directly on the spores themselves, or on the 
structures they produce during germination or during normal growth. — 
F. M. Andrews, Indiana University . 



IONIZATION AND ADSORPTION ISOELECTRIC POINTS 


In considering the isoelectric paints of membranes it is evident that 
these points may be produced in two manners. First, there is the com- 
monly known isoelectric point produced by the ionization of ampholytes. 
Second, the membrane without going into solution appreciably may show 
an isoelectric point produced by differential adsorption. This fact of 
adsorption producing an isoelectric point has been largely overlooked in 
the discussion of the isoelectric point of membranes. F. E. Kartell in his 
discussion on 4 'Anomalous! Osmose’ 7 in the First Colloid Symposium Mono- 
graph makes no definite statement of this although his graphs show that 
it exists. On calling this point to his attention I received a reply which I 
believe will be of interest to physiologists, which I quote here. 

“In connection with solid material as particles or as membranes which 
appear to exhibit an electrical potential against water, I have assumed that 
an iso-eleetrieal point is possible. This idea, I believe, has been carried 
along since the time of Perrin’s work. For example, in W. W. Taylor’s 
“The Chemistry of Colloids,” p. 69, referring to Perrin’s work, he states: 
“Negative diaphragms become more negative in alkaline solutions; in acid 
solutions the diaphragms become less negative, and with increasing concen- 
tration of acid they become electrically neutral and finally positive.” 

“I have regarded this electrically neutral point as a definite iso-electric 
point. In my past work I have accepted the Helmholtz idea of the elec- 
trical double layer and have assumed that this layer (s) in aqueous solu- 
tions is largely the result of adsorption. By making use of this assumption 
many of the phenomena obtained with membranes appear to be fairly 
simple. As you are aware, Freundlich has recently pointed out that the 
electrical double layer conception of Helmholtz is not sufficient, that we 
must consider an electro-kinetic potential (5), which is not the same as the 
other. In case this latter view is correct, we can make use of the electro- 
kinetic potential and carry out the general treatment as before. Consid- 
erable work is now being done along this line by different investigators and 
undoubtedly we will have some worthwhile contributions appearing in the 
near future.” 

Will it make for better clearness to refer to these conditions as ioniza- 
tion isoelectric points and adsorption isoelectric points f— R. B. Harvey, 
University of Minnesota . 


220 


NOTES 


First International Congress of Soil Science. — In 1924 the Fourth In- 
ternational Conference of Soil Science held at Rome, resulted in the organi- 
zation of an International Association of Soil Science. The first inter- 
national congress of this Association wil be held in Washington, D. C., 
under the presidency of Dr. J. G. Lipman, of Rutgers University, June 
13-22, 1927. Four of the six International Commissions making up the 
Association deal with problems of vital interest to plant physiologists. 
These are the Commissions on Soil Physics, Soil Chemistry, Soil Bacteriol- 
ogy, and Soil Fertility. Arrangements have been made to present to the 
readers of Plant Physiology an account of such features of the Congress 
as may be of interest to physiologists. 

Fifth National Colloid Symposium. — The preliminary program of the 
fifth National Colloid Symposium, to be held at Ann Arbor, June 22-24, 
1927, shows a very attractive program. Several of the papers should prove 
very valuable to students of plant physiology. Dr. Gortner and his co- 
workers will discuss the proteins and the lyotropic series, Michaelis reports 
his investigations on molecular sieve membranes, and Stamm discusses 
eleetroendosmose through wood membranes. Many other papers deal with 
the influence of electrolytes, surface phenomena, adsorption, etc., topics 
helpful in bringing new interpretations to life processes in plants and 
animals. There is a special symposium dealing with plasticity and its 
measurement. These colloid symposia are very helpful, and plant physiolo- 
gists are welcome to the privileges of the meeting. 

Back Numbers. — Attention is called again to the diminishing supply of 
complete sets of Plant Physiology. The limit on the number of complete 
sets is set by the January number of 1926. Some of these first volumes 
are going to foreign subscribers, and every set sold deprives some American 
plant physiologist of the opportunity to own a complete file. The number 
remaining unsold would supply only a fraction of the demand if every 
physiologist desired to own a complete set of the journal. 

Manuscripts. — The publication of Plant Physiology is delayed each 
quarter because manuscripts are not received in sufficient number to catch 
up with the publication date. At the time of going to press with each 
number, the editors are using practically all the material on hand. Mem- 
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bers of the American Society of Plant Physiologists' are invited to submit 
their best work to the journal, and to encourage others to use Plant 
Physiology as a medium of publication of the best research. In order to 
catch up with the calendar we need a sufficient number of papers to make 
at least one additional number of 100 to 150 pages. Some of the delay 
can be avoided if authors will always be prompt in correcting and returning 
galley proofs. Those who have worth while papers rounding into shape 
for publication are invited to send them to some member of the editorial 
committee. All papers accepted will be given prompt publication, as long 
as the supply of papers does not exceed the funds available for their pub- 
lication. 

Notes. — The members of the American Society of Plant Physiologists 
are invited to submit brief notes concerning events of general interest, to 
be used in connection with this section of Plant Physiology. Informa- 
tion regarding meetings of various kinds should be sent in several months 
before the meetings are held, if possible. Any other information that 
possesses general interest may be submitted to the editors for use in this 
section of the journal. These notes may be made a very helpful feature, 
if the members of the Society help to increase their usefulness. 

The Purdue University Section. — The Purdue University Section is a 
very active group. Arrangements have been made to allow students to 
become associated with the Section and enjoy the privileges of the meetings 
as associate members. This arrangement should be stimulating both to the 
members of the Section and to the students associated with them m the 
meetings. The local vice president is Prof. J. P. Trost. The meetings of 
the Section are delightfully informal, and the results of the meetings show 
that local sections are valuable to the institutions where they have been 
organized. 

The Minnesota Section. — The local Section of the American Society of 
Plant Physiologists at Minnesota has made an enviable record during the 
current year. According to Prof. A. C. Arny, local vice president of the 
Section, there are now 21 members of the Society in the Minnesota Section. 
That is a splendid record, and should stimulate other institutions to develop 
sections of the Society. The Section holds an occasional luncheon, and 
recently had the privilege of attending a lecture by Dr. W. J. V. Osterhout 
in the Chemistry Auditorium. Conditions at the University of Minnesota 
are favorable to the development and maintenance of a virile and enthu- 
siastic Section. 
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Soil Conditions and Plant Growth. — The fifth edition of this splendid 
monograph in the Rothamsted series on Agricultural Science has been pub- 
lished recently by Russell. All of the chapters except the historical intro- 
duction have been rewritten, and the book enlarged about 25 per cent, in 
number of pages. Some changes occur in chapter headings, and one change 
in order of presentation. Thus, chapter IV, formerly Colloidal Properties 
of the Soil, is now entitled Chemical and Physical Relationships of the Soil. 
Chapter VII has become Chapter VI in the new edition. Other minor 
changes in chapter headings are noted. The book has been enormously 
useful, and the fifth edition will be welcomed as the best treatise on the 
subject available in English. The book comes from the press of Longmans, 
Green and Co., price $6.50. It deserves to be in a more substantial binding. 

Enzymes. — Those interested in enzymes, their properties, distribution, 
methods of preparation and study, and practical applications of enzyme 
activity, will find this book by S. A. Waksman and W. C. Davison full of 
interest. It contains fifteen chapters, of which chapter VI deals with plant 
enzymes, and chapter VII with the enzymes of micro-organisms. Chapters 
X, XII, XIII, and XIV also have much for the plant physiologist, since 
they deal with the enzymes acting on carbohydrates, oxidizing and reducing 
enzymes, zymases, and catalase. The book is simply entitled Enzymes, and 
is published at $5.50, by Williams and Wilkins, Baltimore, Maryland. 

Principles of Soil Microbiology. — This book by Selman A. Waksman, 
of Rutgers University, is a monumental piece of work, which presents an 
exhaustive survey of the field of soil microbiology. The book is divided 
into four sections; the first, of only one chapter, considers the occurrence 
and differentiation of micro-organisms in the soil. The second section, on 
isolation, identification and cultivation of soil micro-organisms, contains 
thirteen chapters each dealing with some different type of organism, ending 
with algae, fungi, actinomyces, protozoa, and non-protozoan fauna. The 
third section takes up the chemical activities of micro-organisms, their 
metabolism, energy transformations, decompositions of non-nitrogenous and 
nitrogenous material, oxidation and reduction processes, nitrogen fixation, 
and sulphur transformations by soil organisms. There are nine chapters 
in this section. The final section, soil microbiological processes and soil 
fertility, also contains nine chapters dealing with various phases of bacterial 
and other biological processes as related to the problems of plant nutrition. 
The final chapter in this section is a very brief orientation chapter on the 
history of soil microbiology, its past, present, and future. Such a book 
will be exceedingly useful to physiologists. The price is $10.00, but the 


224 


PLANT PHYSIOLOGY 


book contains nearly 900 pages. The Williams and Wilkins Co. are the 
publishers. 

New Conceptions in Colloidal Chemistry. — Under this title, E. P. 
Dutton and Co. announce the publication of a new book by Herbert 
Freundlich. The book contains nine chapters, as follows: Adsorption; 
the electrokinetie potential; adsorption, valency, and coagulation; the rate 
of coagulation; the stability of hydrophilic soils; the state of aggregation 
and the shape of colloidal particles ; extent and change of surface in col- 
loidal systems ; photodichroism and similar phenomena. The price is $2.00, 
with discounts to instructors. 
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CARBOHYDRATE TRANSFORMATIONS IN CARROTS 
DURING STORAGE 

Heinrich Basse lbring 

Introduction 

This paper gives the results of a study of changes taking place in carrots 
during storage. The changes investigated comprise the loss’ of water and 
solids and the variations in the relative proportions of sucrose, hexoses, and 
polysaccharides. 

These changes were studied under two conditions of temperature; the 
one, 39° to 40° F., representing fairly well the average temperature of ordi- 
nary farm root-cellars, and the other, 32° to 35° F., approximating that 
usually employed in commercial cold storage for vegetables. As it was not 
possible, on account of the multiplicity of details, to conduct the experi- 
ments at both temperatures during one season, the experiments at the higher 
temperature were carried out during the season of 1924-25, and those at the 
lower temperature during 1925-26. 

Nine varieties, representing the chief commercial types of stock and of 
table carrots, were studied under each temperature condition. With one 
exception, the same varieties were used in both cases. 

The work was made possible through the cooperation of Dr. J. I. 
Lauritzen, whose investigations on the effects of different storage condi- 
tions on the growth of organisms causing decay of carrots afforded an 
opportunity of obtaining material grown especially for the work and stored 
under controlled conditions. 

Historical 

The numerous analyses of carrots giving the proximate composition 
according to the Weende routine need not be especially mentioned here. 
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They are mostly to be found in the compilations of Konig (11), Jenkins 
(9), Jenkins and Winton (10). Atwater (1), Atwater and Woods (2), 
and Atwater and Bryant (3), and in the reports of Werenskiold (21) 
and of Shutt (20). It may be of interest, however, as showing the range 
and variability of reducing sugars and sucrose in carrots to cite a few 
analyses in which these have been separately determined. As early as 
1860 Dietrich (7) gave for three varieties 1 of carrots a dextrose content 
of 2.95, 8.09, and 4.84 per cent,, and a corresponding sucrose content of 
6.60, 3.99, and 4.16 per cent. Ritthausen (17) reports analyses by Funk 
showing 0.86 per cent, of crude sugar and 2.76 per cent, of dextrose in the 
green-shouldered white stock carrot, and 1.59 per cent, of crude sugar and 
3.92 per cent, of dextrose in a red variety. According to the data given by 
Werenskiold (21) for several varieties grown in Norway in 1894 and 1895, 
the reducing-sugar content ranged from 1.58 to 4.25 per cent., and the sucrose 
content from 1.98 to 4.94 per cent. Kristofferson (12) also found that 
the sucrose content and the invert-sugar content vary greatly in different 
varieties as well as in individual carrots of the same variety. The invert- 
sugar content of six varieties and strains ranged from 2.21 to 4.53 per cent., 
while the sucrose content recalculated from his figures varied from 2.59 to 
5.81 per cent. Myers and Croll (14) found 6.20 per cent, of reducing- 
sugar and 1.30 per cent, of sucrose. It is thus apparent that there is con- 
siderable variability in the sugar content of carrots, even within the same 
variety. 

The analyses so far reported in the literature have all been made merely 
from the standpoint of determining the constituents of the roots, usually 
without reference to previous treatment of the material. So far as I have 
been able to determine, no systematic analyses for the purpose of showing 
changes in the constituents during storage have been made. 

Of the carbohydrates of the carrot, sucrose has been identified by 
Schmidt (19) and dextrose by Busolt (6). The occurrence of starch, as a 
rule, is not mentioned. Occasionally its absence is noted (19), yet Nessler 
(15), according to Konig, reports 0.22 per cent, of starch and Raessler (4) 
gives 0.92 per cent, for small roots and 0.87 per cent, for large ones. De- 
tails as to identification are lacking. Falk (8), also without specific iden- 
tification, reports as insoluble starch the difference between the total carbo- 
hydrates after hydrolysis and the soluble carbohydrates 1 all in terms of 
cuprous oxide. In the varieties used in the present investigation I have not 
been able to show the occurrence of granular starch. It seems, therefore, 
that the reducing sugars obtained by hydrolysis after extraction with 90 
per cent, alcohol are derived from dextrins and hemicelluloses. 
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Experimental procedure 

The carrots used in the present investigation were all grown in the same 
■field on sandy loam at the Arlington experimental farm in Virginia during 
the summers of 1924 and 1925. 

At the time of harvesting two varieties were dug each day until the 
harvesting was completed. The roots were washed immediately after they 
had been dug and were then allowed to dry over night in a cool room. On 
the following morning four lots of about five to six kilograms each were 
weighed out for each variety and put into baskets-, over which heavy manila 
covers were then tied. One basket of each variety was immediately taken 
to the laboratory and prepared for analysis. The other three baskets were 
put into storage at the desired temperature in a room at the experimental 
cold storage plant at the Arlington farm. At intervals- the lots of stored 
carrots were weighed. One basket of each variety was taken to the labora- 
tory for analysis. The rest were carefully examined. Carrots which showed 
decayed spots or other signs of deterioration indicating that they might not 
remain in good condition over the n*ext storage period were discarded after 
a record of the extent of the injuries- had been made. The sound carrots 
remaining were reweighed and replaced in the baskets. The new weight 
was taken as a basis for determining the loss of weight during the next 
storage period. This procedure was continued until the last basket of each 
variety had been used for analysis-. 

The record of these weighings, which were made by Dr. Lauritzen, is 
given in tables I and II, in order to show the actual quantities upon which 
the subsequent calculations and determinations were based. 

The record of the extent of infection and sprouting among the stored 
carrots served as a basis for judging the degree to which these factors might 
have influenced the loss of water and solid matter from the roots. It is safe 
to say that this influence was practically negligible. Infected carrots oc- 
curred only sporadically, mostly during the early part of the storage season. 
Some varieties had no infection. As a rule, only one or two infected carrots 
were found in any lot, rarely more. The infections were usually limited to 
spots which varied from 2 to 15 millimeters in length, and only in isolated 
cases, when the root-tip was involved, exceeded this length. Sprouting oc- 
curred during the last storage period in a few roots of some of the varieties 
at the higher temperature (39° to 40° F.). The young leaves ranged from 
2 to 7 centimeters in length. A comparison of the water loss from lots 
containing sprouted carrots with that from lots with no sprouted carrots 
showed no appreciable effect of the slight development of sprouts on the 
loss of water. The sprouted carrots were not used for analysis. 

The empirical data in tables I and II do not show at a glance the com- 
parative losses of material from the different lots of stored carrots. There- 
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Weights of different lots of carrots at successive stages of storage at 



TABLE III 

ON BASIS OP 100 AS ORIGINAL WEIGHT, OP CARROTS STORED AT 39° TO 40 
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fore, the figures have all been reduced to the basis of an original weight of 
100 in tables III and IV. These figures show directly the shrinkage during 
each storage period and also permit of an immediate comparison of the 
shrinkage under the two storage conditions. 

Other data in these tables show the percentage of water and of solids in 
the carrots at the different stages of storage, the actual quantities of these 
substances on the basis of 100 taken as the original weight of the roots, and 
the decrease during each storage interval in the water and solids. These 
data are based on averages of the figures in tables I and II, wherever more 
than one determination was made. 

The data in tables III and IV show that at the lower storage temperature 
the carrots lost on the average about 7 per cent, of their weight during 
the entire storage season, and at the higher temperature about 26 per cent. 
These losses consisted mostly of water. The loss of solid matter at the lower 
temperature amounted to about 9.5 per cent, of the original solids, and at 
the higher temperature to 10.5 per cent., or about one per cent, of the total 
weight of the carrots. The greater part of this loss occurred during the first 
two months of storage. The figures relating to the loss of solids are probably 
not entirely accurate in detail. The positive increments (marked by a + 
sign in the tables) show that in a few cases the error of sampling exceeded 
in magnitude the loss of solid material. Nevertheless, the general agreement 
of the figures in each column indicates that they represent fairly well the 
loss through respiration. 

The figures giving the differences between the water present in the roots 
at the beginning and at the end of each storage period show approximately 
the water loss during each period. To give the true loss they should be in- 
creased by the amounts representing the water formed through respiration. 
On the assumption that the respiratory material is glucose and that it is 
completely oxidized, this increase would be equal to 60 per cent, of the solid 
matter lost. 1 

Analytical methods 

(a) Preparation of the material . — In the preparation of the carrots for 
analysis, the whole of the lot except the infected and the sprouted car- 
rots, which were discarded, was used as a sample in every ease. The 
crowns were cut off to remove the leaf-bases. Large carrots were split once 
or twice, and all were cut into short pieces with a rotary slicer. The pieces 
were then rapidly mixed and ground through a power-driven meat grinder 
having a face-plate with holes 3.2 mm. in diameter. The vessel containing 

1 Theoretically, a slight further correction should be made both in the figures for the 
loss of solids and in the approximate figures representing the loss of water, on account of 
water bound by hydrolytic processes. Both errors are insignificant in the present work. 


TABLE IV 

Shrinkage, on basis op 100 as original weight, op carrots stored at 32 ° to 35 ' 
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the cut pieces and the vessel receiving the pulp were kept covered with 
damp cloths. The pulp was rapidly mixed on a stone slab and quartered 
down to a workable quantity. From this were weighed out two 25-gram 
samples for sugar determinations, two 10-gram (25-gram in the second 
year ’s work) samples for the determination of polysaccharides, and two 
approximately 10-gram samples for moisture determinations. All samples 
were covered with neutral 95 per cent, alcohol as soon as they had been 
weighed out. To the beakers into which the sugar samples were weighed 
0.25 of a gram of calcium carbonate had been previously added. 

(5) Determination of sugar . — When the weighing had been completed, 
the sugar samples, to which enough alcohol had been added to bring the 
concentration to about 70 per cent., were washed into 250-ml. volumetric 
flasks with enough 70 per cent, alcohol to occupy about three-fourths of the 
volume of the flasks. The flasks were then placed in a hot water-bath and 
boiled for 15 minutes. Evaporation was reduced by means of empty cal- 
cium-chloride tubes loosely placed in the necks of the flasks. 

The flasks containing the sugar samples were cooled, filled to the mark 
at 20° C, and set aside for several weeks until the determinations were 
begun. During that time they were frequently shaken. Since a little alcohol 
evaporated from the glass-stoppered flasks, they were cooled to 20° C. at 
intervals and refilled to the mark. After the last filling they were always 
allowed to stand a few days to ensure uniformity of concentration in the 
liquid and pulp. The extracts were subsequently treated essentially as in 
the alcohol extraction method described by Bryan, Given and Straughn 
(5), 100-ml. portions being used for the operations. 2 

In the preparation of the alkaline tartrate solution and the copper sul- 
phate solution, and in the reductions, the details of procedure as described by 
Munson and Walker (13) were followed. 

Beakers of approximately the same heat transmissivity were selected, 
according to the procedure of Peters (16). To prevent the heating of the 
sides of the beakers in which the reductions were carried out, a ring of thick 
asbestos, cut to fit the beakers, was fastened to the asbestos gauze upon 
which they were heated. Before each set of determinations the flame was 
adjusted by trials, so as to bring the Fehling’s mixture with the added sugar 
solution to boiling in the prescribed time. The cuprous oxide was weighed 
as such. 

The volume occupied by the pulp, plus the undissolved calcium carbonate 
in the 250-ml. flasks, was determined by means of a pycnometer. Seventy 
per cent, alcohol of the same strength as that with which the residues had 

2 One ml. of a saturated solution of lead acetate [Pb( GoH-Ada • 3H 2 0] was found to 
be suitable for clearing 100 ml. portions of these filtrates, after the necessary preliminary 
steps. The excess of lead was finally removed with 0.2 of a gram of dry sodium oxalate. 
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been previously exhaustively extracted and washed was used as a medium. 
The results are given in table V. 

TABLE V 

Volume occupied by carrot pulp 



Volume occu- 

Volume occu- 

Volume occu- j 

Volume occu- 


PIED BY INSOLU- 

PIED BY 1 GM. 

PIED BY INSOLU- 

PIED BY 1 GM. 


BLE residue in 

of water-free 

BLE RESIDUE IN 

OF WATER- FREE 

Variety 

25 GM. FRESH 

EXTRACTED 

25 GM. FRESH 

EXTRACTED 


PULP* 

RESIDUE* 

PULP* 

RESIDUE* 


At beginning of storage 

After 153-155 days' storage 


ml. 

ml. 

ml. 

ml. 

Danvers 





Half Long 

0.51 

0.40 

0.60 

0.44 

Blanche lisse 





demi-longue 

0.57 

0.53 

0.55 

0.46 

Jaune obtuse 





du Doubs 

0.59 

0.46 

0.65 

i ■ 

0.47 

Carter ’s 





Scarlet 

Perfection 

0.62 

0.44 

0.82 

0.50 

Rouge demi- 





longue de 
Chantenay 

0.53 

0.44 

0.55 

0.44 

Carter J s 





Summer 

Pavorite 

0.46 

0.40 

0.49 

0.41 

Carter ? s 





Early 

Market 

0.51 

0.45 

0.60 

0.46 

Carter's Red 





Elephant 

0.70 

0.48 

0.84 

0.50 

Blanche k 





collet vert 

0.40 

0.36 

0.60 

0.48 

Average 

0.54 

0.44 

0.63 

0.46 


* Plus residual calcium carbonate. 


The average volume occupied by the pulp was about 0.6 ml. A correc- 
tion for this would give for the maximum percentage of reducing sugar 
4.13 instead of 4.14, and for the maximum percentage of total sugar calcu- 
lated as dextrose 7.24 instead of 7.26. Since the second decimal in these 
percentages is not significant, it was not deemed necessary to apply the 
correction. 
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(c) Determination of acid-hy dr oly sable polysaccharides. — The samples 
for the determination of polysaccharides insoluble in 90 per cent, alcohol 
and hydroly sable by 0.695 N. hydrochloric acid were stored without boiling 
and without calcium carbonate in flasks with 200 or 350 ml. of 95 per cent, 
alcohol, according as 10-gram or 25-gram samples were used. They were 
extracted in Soxhlet apparatus with 90 per cent, alcohol. The residues 
were washed into Erlenmeyer flasks with 95 per cent, alcohol which was evap- 
orated almost to dryness in the water bath. The hydrolyses were carried out 
essentially according to the method of Sachsse (18), except that for the 
10-gram samples 100 ml. of acid (0.695 N.), and for the 25-gram samples 
200 ml., were added to the pulp. The flasks were heated under reflux con- 
densers for three hours in a vigorously boiling water-bath. The resulting 
extracts were filtered from the residues, which were washed with many 
small portions of hot water until, as determined by preliminary tests on 
collateral samples, all sugar had been removed. The filtrates, collected 
directly in volumetric flasks of 250-ml. or 500-ml capacity, according as 
10-gram samples or 25-gram samples had been used, were treated with one 
ml. of phosphotungstic acid solution (10 per cent, phosphotungstic acid in 
one per cent, hydrochloric acid) and, after having been cooled to 20° C., 
were made up to the mark. Of the solution filtered from the phospho- 
tungstie acid precipitate, 100 ml. were nearly neutralized by the addition of 
4 ml. of sodium hydroxide solution, the neutralization being finished by 
the addition of a trace of anhydrous s-odium carbonate. After filtration, the 
reducing sugars were determined. The increase in volume from 100 ml. to 
104 ml. was taken into consideration in the calculations of the results. 

The addition of one ml. of phosphotungstic acid to 250 ml. of the solu- 
tion does not have any appreciable effect on the reduction. Blanks with 
neutralized acid solution, to which the same quantity of phosphotungstic 
acid had been added, gave 0.4, 0.0, and 0,4 mg. cuprous oxide, while blanks 
without phosphotungstic acid gave 0.2, 0.1, and 0.2 mg. of cuprous oxide. 

(d) Determination of moisture. — For the determination of moisture the 
free alcohol was evaporated from the samples at 40° to 50° C. The residues 
were then dried to constant weight in a slow current of air at 80° C. and at 
a pressure of about 8 cm. of mercury. 

Analytical results 

The data obtained from the analyses are given in tables VI and VII. 
These tables give the carbohydrate content of the roots at different stages of 
storage under the two temperature conditions. 

The changes which take place in the carbohydrates of the carrots are, of 
course, not truly represented by differences in percentage composition at 
different stages of storage, since a direct comparison of the percentages does 



TABLE VII 

Composition of carrots stored at ‘.', 2 ° to 35 
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JGARS AND ACID HYDROLY SABLE POLYSACCHARIDES IN THE EQUIVALENT AT DIFFERENT STAGES OF STORAGE OF 100 GRAMS ORIGINAL WEIGHT OF CARROTS, STORED 
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not take into consideration the loss of water and other matter from the roots. 
In order to show the true changes, the actual quantities of the carbohydrates 
at the different stages have been calculated on the basis of 100 grams of the 
original material. These figures are given in tables VIII and IX. 

Discussion 

The ratio of reducing sugar to sucrose varies considerably with different 
varieties of carrots, and is not constant with single varieties in different 
years. Evidently seasonal effects on the state of development of the roots 
have greater influence than varietal characteristics. It can scarcely be said 
that any of the varieties is predominantly and constantly high either in 
sucrose or in dextrose. The two white varieties Blanche lisse demi-longue 
and Blanche a collet vert , which are regarded as stock carrots, show a some- 
what lower sucrose content and a somewhat higher dextrose content than the 
orange varieties; but the pale yellow, Jaune obtuse du Doubs, grown exten- 
sively as a stock carrot, approaches the table carrots in sugar content. 3 

Aside from the sugars, carrots contain from about 1.25 to 1.50 per cent, 
of carbohydrates insoluble in 90 per cent, alcohol but easily hydroly sable by 
dilute acids. This material, as extraction and digestion experiments showed, 
consists partly of dextrin-like substances soluble in water and partly of 
insoluble substances hydrolysable by 0.695 N. hydrochloric acid. 

The sucrose content of carrots is highest immediately after the roots have 
been dug and begins to decrease as soon as they have been placed in storage. 
The greater part of the change takes place within the first ten weeks of 
storage or probably within a much shorter period. Further changes in 
the sucrose content during the rest of the storage season are relatively small 
and not always in the same direction. The carrots stored at 32° to 35° F. 
lost, on the average, 28 per cent, of their sucrose during the first storage 
period and 5 and 7 per cent., respectively, during the two subsequent 
periods. At the higher temperature, 39° to 40° F., the average loss for all 
varieties during the first period was 43 per cent, of the sucrose originally 
present. During the next two periods there was a slight increase in sucrose 
in many of the varieties, resulting in an average gain of 3 and 10 per cent., 
respectively, for these periods. It is possible that some sucrose was reformed 
at this temperature. 

The loss in sucrose is accompanied by a corresponding increase in reduc- 
ing sugar in all varieties during the early part of the storage season. In 
general, there is a fair degree of proportionality between the decrease in 
sucrose and the increase in reducing sugar. At the higher temperature the 

s Vilmorin-Andrieux et Cie. (Les Plantes Potageres quatrieme ed. p. 71) state that 
it is also an excellent table carrot. 
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increase in reducing sugar during the first storage period is followed by a 
loss through respiration during the rest of the season. At the lower tem- 
perature the loss becomes insignificant, some varieties even showing a small 
increase in reducing sugar. Too much stress should not be laid on slight 
differences, however, on account of the error inherent in sampling. 

The dextrins and other hydrolysable carbohydrates show an average 
decrease during the three storage periods of 33, 8 and 7 per cent., respec- 
tively, at the higher temperature and 20, 10 and 3 per cent, at the lower. 
Here, as in the case of sucrose, the transformation takes place largely dur- 
ing the early part of the storage season. Subsequently, there is- a slight but 
fairly consistent decrease. 

Summary 

Carrots stored in cold storage rooms at a temperature of 39° to 40° F. 
for a period of 22 weeks lost about 26 per cent, of their weight. Those 
stored at 32 ° to 35 ° P. for the same length of time lost about 7 per cent. 
The loss consists largely of water. The loss of solid matter is equal to about 
one per cent, of the fresh weight of the roots. 

The two principal changes which take place in carrots during storage con- 
sist in a conversion of sucrose into reducing sugar, the quantity of which is 
correspondingly increased; and a transformation of polysaccharides to 
simple sugars. 

Under the conditions of the experiments here reported, these processes 
take place more rapidly at the higher than at the lower temperature. At 
the higher temperature 43 per cent, of the sucrose and 33 per cent, of the 
polysaccharides disappear during the first ten weeks, as compared with 28 
and 20 per cent, at the lower temperature. Under constant conditions, these 
transformations reach a sort of equilibrium during the first ten weeks of 
storage or sooner. The changes thereafter are small in comparison with 
those taking place early during storage. 

Since the flavor of carrots is determined largely by their natural content 
of sucrose, it is evident that for canning or for cooking the quality of the 
roots is highest immediately after they are dug. 

Bureau of Plant Industry, 

U, S. Department of Agriculture, 

Washington, D. C. 
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NITROGENOUS METABOLISM OP PTRTJ; S' MALUS L. 

IV. THE EFFECT OF SODIUM NITRATE APPLICATIONS ON THE 
TOTAL NITROGEN AND ITS PARTITION PRODUCTS IN 
THE LEAVES, NEW AND ONE YEAR BRANCH 
GROWTH THROUGHOUT A YEAR’S CYCLE 1 

W a lter Thomas 
(with seven figures) 

Introduction 

The third paper of this series (7) gave the results of an investigation on 
the quantitative changes occurring in the various nitrogen fractions 
throughout a year’s cycle in a Stayman Winesap tree, 15 years old, in the 
“off” year, growing in sod in the College Experimental Orchard. 

Although no evidence to support the claim of certain investigators that 
amino-acids act as catalyzers in accelerating the rate of growth was ob- 
tained, nevertheless the results showed that amino-acids play a specific role. 
They appear to be the form in which nitrogen is carried from the roots to 
the metabolically active parts and, with the amides, are connected with the 
synthesis and utilization of proteins. Moreover, it was also shown that the 
unclassified or “rest” N compounds, concerning the nature of which little 
is known, may play a role as important as that of amino-acids, amines and 
amides, because of their apparent function in protein degradation. Finally, 
evidence has been produced (8) showing that the reduction of nitrates and 
the formation of amino-acids take place in this species for the most part 
in the fine roots; hence, a knowledge of the internal effects produced by 
nitrogenous fertilizers can only be obtained by following the fluctuation of 
the products or substances into which the NO s ion is transformed. 

That a knowledge of the nitrogen distribution in the woody perennials 
is highly desirable is recognized by several investigators. Thus, Proebsting 
(4) has suggested that not the total nitrogen but some fraction of it might 
have to be considered in all attempts to correlate the relation of nutrients 
to the activity of the cambium. Potter and Kraybill (3), discussing the 
behavior of hearing as compared to non-bearing spurs of apple trees with 
respect to the correlation between composition and spur performance, state 

1 Published with the approval of the Director of the Agricultural Experiment Sta- 
tion as scientific paper no. 432. 
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that the determination of the different forms of nitrogen is “a difficult or 
impossible task 7 ’ but add 4 ‘ that if progress can be made in differentiating 
the forms of nitrogen available to spurs, it will be of greatest value in in- 
terpreting results. ” The present pioneer investigations have shown that 
the task is not impossible ; it is, however, difficult, laborious, and time-con- 
suming and will of necessity require a large force of workers in any attempt 
to correlate the performance of a large number of trees or plants receiving 
different fertilizer treatments with the forms of nitrogen available to the 
more metabolically active parts. 

It is uncertain, with our present limited knowledge, to what extent the 
determination of the nitrogen distribution in plants can be applied to prac- 
tical agriculture. Thus, far, an insight has been obtained only into the 
quantitative changes taking place during a year’s cycle of the water-soluble 
nitrogen fractions. The possibilities and limitations of nitrogen distribution 
investigations in this, species are clearly defined, and more especially will 
they help to clarify all speculations relative to the utilization of any of the 
nitrogen fractions in the development of the carbohydrate-nitrogen relations 
in investigations relating to vegetative growth and flower formation. 

Digressing for the moment, it may be pointed out here that the logical 
point of attacking such problems as, for example, the factors influencing 
fruit bud formation, which so many plant physiologists and horticulturists 
are at present attempting to solve, may be to ascertain first of all the in- 
ternal conditions that cause differences in vigor, this being the external 
expression of the internal factors affecting the rate of metabolism, which, in 
turn, is limited by the rate of absorption of nutrients by the root system. 
The present partition results offer suggestions in this respect. 

In the earlier metabolism investigations of the writer (6) the nitrogen 
partition work was carried out on one tree in the absence of the disturbing 
factor of developing fruit. This investigation was extended in 1924-25 
to include a comparison of the course of the various nitrogen fractions 
throughout a year’s cycle in two trees of the same variety and age growing 
along side one another in a homogenous soil, one of which received sodium 
nitrate applications and the other none. The question may be asked, what 
basis is there to justify a comparison of analytical results in which one tree 
and one tree only is compared with another of the same age and variety 
growing beside it in a homogenous soil? In other words, can it be postu- 
lated that the performance of the tree receiving NaNO s additions would 
have paralleled the untreated tree with which it is compared had the former 
received no such additions; or, if both trees had received the same nitrogen 
additions would the responses indicated by the analytical data be identical? 
From the results of investigations carried out by the writer in 1918-20, 
there appears to be little doubt that if the sampling is carried out on the 
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principles already stated (7) such comparisons as are here attempted are 
scientifically sound. The differences in the total nitrogen and its partition 
products observed in the present investigation, therefore, can logically be 
attributed to the addition of sodium nitrate to the one tree and not to 
the other. 

Materials and methods 

Two Stayman Winesap trees, 16 years old, growing adjacent to one 
another in the College Orchard, both of which had always been subjected 
to the same general treatment, and which resulted in very similar growth 
and reproductive responses, were used in this investigation. One of these 
trees, no. E-2Q, was treated with 10 pounds of sodium nitrate on April 20, 
1924, just after the buds were commencing to swell, and again with another 
10 pounds on June 8, 1924, at the initiation of fruit bud formation. This 
quantity is four times the application normally given, the object being to 
accentuate whatever internal differences might be produced in the nitrogen 
metabolism of the trees by the nitrate additions as indicated by the parti- 
tion results. The external differences that existed were shown by the much 
darker color of the foliage and greater vegetative extension of the treated 
tree. Reproduction, as indicated by the yields, was 8 per cent, less on the 
treated tree, which would lead to the conclusion that if the theory of carbo- 
hydrate-nitrogen ratios holds, the excessive nitrate applications have tended 
to shift the treated trees from class III to class II in Kraus and Kraybill’s 
■classification. 

The collection of samples was carried out under favorable meteorological 
conditions in the early morning, in the manner already described (7). The 
collection was made on ten different dates between April 4, 1924, and No- 
vember 11, 1924, the samples being taken to the laboratory immediately and 
dried in the manner already indicated (6). 

As in the earlier experiments, no correlation could be found between the 
•total nitrogen or any of its fractions and any of the climatic factors. How- 
ever, a summary of the weather conditions is appended as a matter of record. 

The wood and bark separation problem. — In all collections dating from 
June 11, 1924, the wood and bark of the branch growths -were separated be- 
fore preserving the samples} by desiccation, but, as pointed out in the third 
paper (7), it was found that no special advantage is to be derived from this 
procedure and that, moreover, the interpretation of the nitrogen partition 
results is not affected by such separations 1 . Also, owing to the relatively 
.small quantity of each type of branch tissues available for the partition 
work, it was found in many eases that there was either insufficient “wood” 
or “bark” to carry out satisfactorily the analytical work upon them 
separately. Most of the w r ork, therefore, was carried out on samples of 
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TABLE I 

Summary of meteorological data 


Hates 

Mean 

maximum 

Mean 

MINIMUM 

Rainfall 

Sunshine 

Humidity 

1924 

Heg. F. 

Heg. F. 

Inches 

Per cent. 

Per cent. 

April 4-April 21 

53.5 

34.8 

3.26 

59.4 

68.7 

April 22-April 28 

62.3 

36.7 

0.28 

83.3 

63.9 

April 29-May 13 

62.5 

43.5 

4.65 

54.0 

79.2 

May 14-May 22 

59.9 

43.0 

1.33 

! 41.9 

76.5 

May 23- June 11 

63.2 

45.9 

2.35 

| ■ 48.9 

77.0 

June 12- July 16 

76.7 

56.0 

7.07 

l 64.7 

79.3 

July 17-Aug'ust 28. 

78.4 

56.5 

4.30 

76.3 

| 76.3 

August 29-Oetober 7...... 

68.5 

46.9 

4.54 

42.9 

! 79.8 

October 8-November 11 

60.5 

37.2 

0.16 

| j 

69.6 


“wood” and “bark” combined in the proportions in which they were 
present in the original sample. There is, therefore, as far as the prin- 
cipal nitrogen fractions are concerned, little danger of a deficiency due to 
localization of the metabolically active nitrogen fractions in some tissues at 
the expense of others. Consequently, all analytical data have been re-calcu- 
lated to the original basis as if wood and bark had been ground up together. 

The method in detail. — The extractions with water were carried out 
in the manner outlined in the first paper (6). 

The two fractionation schemes adopted in these metabolism investiga- 
tions have already been discussed in detail (7). The second fractionation 
scheme was adopted in the present work, as fewer separations are involved, 
a weighty consideration where a large number of samples is to he examined, 
in spite of the fact that a consideration of the accuracy and limits of error 
as given in table III indicates that this second scheme is subject to greater 
analytical errors than the first scheme. However, for the present compara- 
tive studies the second scheme serves quite well. 

In the non-protein filtrates from the colloidal ferric hydroxide precipi- 
tation (6), the following fractions were determined : — Ammonia N, amide N 
(asparagine and possibly glutamine N), basic N, a-mono-amino N, and also 
humin and melanin N from the amide and basic nitrogen determinations. 
The sum of these nitrogen fractions subtracted from the non-protein nitrogen 
gives the “rest” nitrogen. 

1. Hygroscopic water . — This was determined on a two gram sample 
dried at 110° C. for 24 hours. 

2. Total water-soluble N . — This fraction was determined in the usual 
way by the Kjeldahl method on 200 ce. aliquots, adopting standard methods 
and precautions for estimating small quantities of nitrogen. 
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3. Ammonia N. — The ammonia N was determined on a 500 ee. aliquot 
before treatment with colloidal iron and for reasons already given (7), 

4. Non-protein N. — This was determined in the same manner as the 
total water-soluble nitrogen on 200 ee. aliquots of the filtrates from the col- 
loidal ferric hydroxide precipitation. 

5. Amide N {asparagine and, possibly glutamine N ). — Up to this stage 
the fractionation method is similar to that adopted in the earlier investi- 
gations (7) ; the point of departure is made at this stage. The determina- 
tion of amide N is carried out essentially 1 by Sachbse’s method (5), i.e., by 
adding a definite quantity of HC1 (sufficient to give a 4 per cent, solution) 
to the whole of the non-protein N filtrate remaining after the removal of 
the aliquots for the determination of nitrogen (which usually amounts to 
1,600 cc.), and then hydrolyzing for three hours. The solution remaining 
after the removal of the HC1 in vacuo is diluted to about 300 cc. with 
ammonia-free distilled water and distilled in vacuo with solid CaO (7). 
The asparagine N (with possibly some glutamine N) is obtained by sub- 
tracting the free ammonia, determined as previously indicated, from the 
amount obtained in this determination, i.e., after hydrolysis. Proteoses 
were present in too small a quantity to affect the amide N results. 

6. Humin N and Ga{OH) 2 melanin N and basic N. — The solution re- 
maining in the flask from the amide N determination is filtered from the 
humin and Ca(OII) 2 melanin N, washed with hot water until free from 
chlorides, and the nitrogen content of these precipitates' determined. 

7. The basic N. — Hausmann’s method (1) with modifications (2, 9) as 
indicated later was adopted. The filtrate and washings were concentrated 
in vacuo to about 80 cc. and then transferred to a beaker, the contents being 
cooled to 20° C. Afterwards 2.5 cc. concentrated H 2 S0 4 were slowly added, 
followed by a solution containing 20 gm. of phosphotungstic acid and 5 gm. 
concentrated II 2 S0 4 per 100 cc., the mixture being added drop by drop. 
Six cc. of this phosphotungstic acid mixture were quite sufficient in the 
present work. Care is to be taken to avoid more than a slight excess of the 
phosphotungstic acid solution; otherwise difficulty will be encountered in 
the subsequent amino-acid determination, owing to precipitation of some of 
the phosphotungstic acid. The solutions were diluted to 200 ee., heated on 
the water bath until the precipitates of the bases were dissolved, and then 
allowed to stand for two or three days. The granular precipitate was 
filtered off and washed with a small quantity of phosphotungstic acid solu- 
tion containing 2.5 gm. phosphotungstic acid and 5 gm. concentrated H*S0 4 
per 100 ee. The technique of washing these precipitates was carried out in 
accordance with Osborne and Harris’s (2) recommendations. Van Slyke 
(9) gives additional observations on the care in precipitating and washing 
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TABLE II 

The percentages of imbibitional and total water 
One year branch growth (tree no. Er-20) 


Series 

NO. 

Collecting date 

Description 

Fresh 

WEIGHT 

Mois- 

ture 

free 

WEIGHT 

Imbibi- 

tional 

water 

Total 

water 




gm. 

gm. 

Per cent. 

Per cent. 

76 

April 4, 1924 

(wood and bark) 

70.0 

35.7 

49.0 

58.1 

77 

April 21, 1924 

(wood and bark) 

121.0 

58.1 

52.0 

59.0 

92 

April 28, 1924 

(wood and bark) 

55.0 

27.0 

50.9 

56.9 

114 

May 13, 1924 

(wood and bark) 

73.0 

35.0 

52.0 

58.4 

142 

May 22, 1924 

(wood and bark) 

51.0 

22.0 

56,9 

57.8 

161 

June 11, 1924 

(wood) 

55.5 

28.8 

48,1 

51.7 

162 

June 11, 1924 

(bark) 

43.8 

17.9 

59.1 

60.7 

185A 

July 16, 1924 

(wood) 

78.8 

43.7 

44.4 

46.8 

185B 

July 16, 1924 

(bark) 

56.6 

22.6 

58.8 

61.8 

196 

August 28, 1924...... 

(wood) 

70.1 | 

39.5 

43.7 

46.9 

196A 

August 28, 1924 

(bark) 

52.6 

22.6 | 

57.0 

60.9 

203A 

October 7, 1924 

(wood) 

88.3 

55.6 

37.0 

45.0 

203B 

October 7, 1924 

(bark) 

63.1 

28.2 

55.3 

57.3 

237 

November 11, 1924 

(wood) 

123.0 

71.1 

42.2 

44.7 

238 

November 11, 1924 

(bark) 

78.4 | 

38.4 

50.8 

54.0 


One year branch growth (tree no. E-22) 


Series 

NO. 

Collecting date 

Description 

Fresh 

weight 

Mois- 

ture 

FREE 

WEIGHT 

Imbibi- 

tional 

water 

Total 

water 




gm. 

gm. 

Per cent. 

Per cent. 

60 

April 4, 1924 

(wood and bark) 

69.0 

35.0 

49.3 

53.0 

68 

April 21, 1924 

(wood and bark) 

118.0 

56.0 

52.5 

56.2 

86 A 

April 28, 1924 

(wood and bark) 

69.0 

34.0 

50.7 

60.0 

105 

May 13, 1924.............. 

(wood and bark) 

81.0 

37.0 

54,3 

60.4 

124 

May 22, 1924 

(wood and bark) 

53.3 

21.6 

59.4 

60.0 

154 

June 11, 1924 

(wood) 

52.5 

33,0 

37.7 

42.9 

155 

June 11, 1924 

(bark) 

54.0 

24.3 

55.0 

60.2 

180 A 

July 16, 1924.. 

(wood) 

72.4 

41.0 

43.6 

47.8 

180'B 

July 16, 1924 

(bark) 

51.8 

21.4 

56,4 

60.9 

199A 

August 28, 1924 

(wood) 

71.2 

40.4 

43.2 

44.2 

199B 

August 28, 1924. 

(bark) 

53.6 

26.7 

47.5 

58,7 

215A 

October 7, 1924...... 

(wood) 

90.6 

54.4 

40.0 

43,1 

215B 

October 7, 1924. 

(bark) 

65.0 

36.5 

56.2 

57,4 

218 

November 11, 1924 

(wood) 

120.0 

42.4 

35,4 

40.6 

217 

November 11, 1924 

(bark) 

75.0 

33.7 

52,2 

57.0 
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TABLE II {Continued) 

The percentages op imbibitional and total water 
New growth (tree no. E-20) 


Series 

no. 

Collecting date 

Description 

Fresh 

weight 

Mois- 

ture 

FREE 

WEIGHT 

Imbibi- 

tional 

water 

Total 

WATER 




gm. 

gm. 

Per cent. 

Per cent. 

100 

June 11, 1924 


50.0 

14.4 

66.2 

71.2 

185 

July 16, 1924 

(wood) 

32.0 

12.0 

62.5 

65.4 

186 

July 16, 1924 

( bark ) 

46.0 

16.0 

65.2 

68.1 

191 

August 28, 1924 

(wood) 

30.0 

16.0 

46.6 

50.2 

192 

August 28, 1924 

( bark ) 

31.0 

14.0 

54.8 

57.9 

206 

October 7, 1924 

(wood) 

52.3 

31.0 

40:7 

44.1 

207 

October 7, 1924 

( bark ) 

66.6 

21.5 

67.7 

69.8 

217 

November 11, 1924 

(wood) 

68.0 

42.5 

37.5 

43.9 

218 ! 

November 11, 1924 

( bark ) 

51.0 

31.2 

38.8 

44.5 


New growth (tree no. E-22) 


Series 

NO. 

Collecting date 

Description 

Fresh 

weight 

Mois- 

ture 

FREE 

WEIGHT 

Imbibi- 

tional 

water 

WATER 

Total 




gm. 

gm. 

Per cent. 

Per cent. 

153 

June 11, 1924 


64.0 

20.8 

67.5 

72.9 

188A 

July 16, 1924. 

(wood) 

31.6 

12.3 

60.8 

64.2 

189 

July 16, 1924 

( bark ) 

46.7 

17.7 

61.8 

65.6 

196A 

August 28, 1924 

(wood) 

37.0 

21.0 

43.2 

47.3 

196 

August 28, 1924 

(bark) 

40.0 

19.0 

52.5 

54.2 

212 

October 7, 1924. 

(wood) 

46.9 

29.0 

38.0 

42.0 

211 

October 7, 1924 

( bark ) 

40.5 

21.1 

48.1 

51.6 

230 

November 11, 1924 

(wood) 

62.6 

38.0 

37.7 

41.9 

231 

November 11, 1924 

( bark ) 

54.2 

27.6 

49.1 

52.6 


these phosphotungstic acid precipitates. However, no special difficulty was 
encountered in washing them. Since the precipitates were small, care had 
to be exercised to employ small filters and to avoid more than two or three 
washings, using suction and a wash solution cooled to 0° C. In this respect 
the technique differs from that employed in protein work, in which the 
quantities of basic nitrogen obtained from 2 to 3 gm. of protein are com- 
paratively large. 

Nitrogen was determined in these precipitates in the usual way, the 
precipitate and filter being transferred to the Kjeldahl flash direct, since it 
was not necessary to decompose the basic phosphotungstic precipitates, inas- 


252 


PLANT PHYSIOLOGY 


TABLE II ( Concluded ) 

The percentages of xmbibitional and total water 
Leaves (tree no, E-20) 


Series 

NO. 

Collecting date 

Fresh 

weight 

Moisture 

FREE 

WEIGHT 

Imbibi- 

TIONAIj 

WATER 

Total 

water 


. . . ■ 

gm. 

gm. 

Per cent. 

Per cent. 

138 

May 13, 1924 

50.0 

13.0 

74.0 

77.0 

140 

May 22, 1924 

70.3 

20.0 

72.6 

76.4 

166 

June 11, 1924 j 

9*7.0 

32.0 

67.0 

70.0 

180 

July 16, 1924 j 

204.0 

82.0 

59.8 

62.6 

195 

August 28, 1924 — 

144.0 

60.0 

58,3 

60.7 

210 

October 7, 1924 

170.0 

77.0 

54.7 

57.9 

222A 

November 11, 1924 

40.0 

19.3 

51.8 

56.3 


Leaves (tree no. E-22) 


Series 

NO. 

Collecting date 

Fresh 

WEIGHT 

Moisture 

FREE 

WEIGHT 

Xmbibi- 

tional 

WATER 

Total 

water 



gm. 

gm. 

Per cent. 

Per cent. 

106 

May 13, 1924 

49.0 

16.0 

66.7 

72.3 

129 

May 22, 1924 - 

73.3 

18.0 

75.4 

77.0 

153A 

June 11, 1924 

85.0 

24.3 

60.4 

65.6 

180 

July 16, 1924 

203.0 

82.0 

59.6 | 

65.6 

199 

August 28, 1924 

214.0 

89.0 

58.4 

61.4 

215 

October 7, 1924 

168.0 

63.5 

62.2 

65.2 

233A 

November 11, 1924 

38.0 

15.5 

59.2 

64.3 


much, as the determination of the diamino acids — histidine, arginine and 
lysine — was not under consideration in this investigation. 

8. a-Mono-amino A. — The filtrate and washings from the phosphotung- 
stic acid precipitation were made alkaline (pH 7.5) with 50 per cent. NaOH 
and then acid (pH 6.0) with acetic acid, concentrated in vacuo to about 
80 ec., i.e to the point at which salts begin to separate out, and finally made 
up to a definite Volume (usually 100 ec.). The a-mono-amino N was deter- 
mined in the usual way in the Van Slyke micro-apparatus. 

9. “Rest” N . — This was calculated by difference, as already described. 

Experimental results 

A description of the samples with their fresh and moisture free weights 
is given in table II, and the partition results in table III. 


TABLE III 

NITROGEN AND TOTAL WATER-SOLUBLE NITROGEN IN THE NEW (1924) BRANCH GROWTH, THE ONE YEAR (1928) BRANCH GROWTH AND LEAVES, 
TOGETHER WITH THE DISTRIBUTION OF THE NON-PROTEIN CONSTITUENTS EXPRESSED AS PERCENTAGES OF 
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TABLE II ( Concluded ) 

The percentages of imbibitional and total water 
Leaves (tree no. E-20) 


Series 

no. 

Collecting bate 

! Fresh 

WEIGHT 

Moisture 

free 

WEIGHT 

Imbibi- 

tional 

water 

Total 

water 



gm. 

gm. 

Per cent. 

Per cent. 

138 

May 13, 1924 

50.0 

13.0 

74.0 

77.0 

140 

May 22, 1924 

70.3 

20.0 

72.6 

76.4 

166 

June 11, 1924 

97.0 

32.0 

67.0 

70.0 

189 

July 16, 1924 

204.0 

82.0 

59.8 

62.6 

195 

August 28, 1924 

144.0 

60.0 

58.3 

60.7 

210 

October 7, 1924 ......... 

170.0 

77.0 

54.7 

57.9 

222A 

November 11, 1924 

40.0 

19.3 

51.8 

56.3 


Leaves (tree no. E-22) 


Series 1 

NO. 

Collecting date 

Fresh 

WEIGHT 

Moisture 

free 

WEIGHT 

Imbibi- 

tional 

water 

Total 

WATER 


f ' 

gm. 

gm. 

Per cent. 

Per cent. 

106 

May 13, 1924 

49.0 

16.0 

66.7 

72.3 

129 

May 22, 1924 

73.3 

18.0 

75.4 

77.0 

153 A 

June 11, 1924 

85.0 

24.3 

60.4 

65.6 

180 

July 16, 1924 .... 

203.0 

82.0 

59.6 

65.6 

199 

August 28, 1924 

214.0 

89.0 

58.4 

61.4 

215 

October 7, 1924 

168.0 

63,5 

62.2 

65.2 

233A 

November 11, 1924 

38.0 

15.5 

59.2 

64.3 


much as the determination of the diamino acids — histidine, arginine and 
lysine — was not under consideration in this investigation. 

8. a-Mono-amino N . — The filtrate and washings from the phosphotung- 
stic acid precipitation were made alkaline (pH 7.5) with 50 per cent. NaOH 
and then acid (pH 6.0) with acetic acid, concentrated in vacuo to about 
80 ee., i.e. f to the point at which salts begin to separate out, and finally made 
up to a definite Volume (usually 100 ec.). The a-mono-amino N was deter- 
mined in the usual way in the Van Slyke micro-apparatus. 

9. “Rest” N . — This was calculated by difference, as already described. 

Experimental results 

A description of the samples with their fresh and moisture free weights 
is given in table II, and the partition results in table III. 


TABLE III 

)TAL NITROGEN AND TOTAL, WATER-SOLUBLE NITROGEN IN THE NEW (1924) BRANCH GROWTH, THE ONE YEAR (1923) BRANCH GROWTH AND LEAVES^ 
TOGETHER WITH THE DISTRIBUTION OF THE NON-PROTEIN CONSTITUENTS EXPRESSED AS PERCENTAGES OF 
FRESH AND MOISTURE FREE WEIGHTS, RESPECTIVELY 

One year branch growth (tree no. E-20) 


-NITROGEN OUS METABOLISM 
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TABLE III ( Continued ) 

Total nitrogen and total water-soluble nitrogen in the new (1924) branch growth, the one year (1923) branch growth and leaves, 

TOGETHER. WITH THE DISTRIBUTION OP THE NON-PROTEIN CONSTITUENTS EXPRESSED AS PERCENTAGES OP 
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TABLE III ( Continued ) 

Total nitrogen and total water-soluble nitrogen in the new (1924) branch growth, the one year (1923) branch growth and leaves, 

TOGETHER WITH THE DISTRIBUTION OP THE NON-PROTEIN CONSTITUENTS EXPRESSED AS PERCENTAGES OP 
FRESH AND MOISTURE FREE WEIGHTS, RESPECTIVELY 

New growth (tree no. E- 20) 
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Accuracy and limits of error 

Table IV gives the differences between duplicate determinations in cer- 
tain of the series calculated as percentages of the mean readings. 


TABLE IV 

Differences obtained in certain duplicate determinations 


Series 

NO. 

Total N 

Total water- 
soluble N 

a*MONO-AMINO N j 

Amide N 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

60 

0.48 

1.60 

6.75 

7.80 

76 


1.20 

7.20 

3.00 

114 

0.40 

1.30 

4.60 

7.10 

129 

0.34 

.. 

5.80 

1.00 

138 

0.30 

1.20 

3.90 

4.50 


The total nitrogen shows a maximum difference of 0.48 per cent. ; the 
water-soluble nitrogen of 1.60 per cent. ; the a-mono-amino nitrogen of 7.20 
per cent. ; and the amide nitrogen of 7.80 per cent. All variations in the 
metabolism figures, therefore, can be regarded as significant. 

Discussion and conclusions 
Total nitrogen 

Total nitrogen in the one year branch growth.— -It was pointed out 
in the third paper (7) that during the first growth of spring translocation 
of nitrogen, from the one and two year branches to the young shoots is very 
marked. The effect of this demand is strikingly illustrated in the present 
investigation, as shown in fig. 1. The total nitrogen of the one year growth 
of the untreated tree drops during the period from April 28 to May 13 
from 0.288 per cent, to 0.166 per cent, on the fresh weight basis, i.e., from 
0.720 per cent, to 0.480 per cent, on the moisture free basis. On May 13 
the leaves contain as high as 0.860 per cent, nitrogen on the fresh weight 
basis and 3.520 per cent, on the moisture free basis. 

The effect of the application of 10 pounds of NaMO s on April 20 to tree 
no. E-20 is distinctly evident in both the quantitative and qualitative rela- 
tionships. After May 13, when the trees are in full bloom, the total nitrogen 
curves of the two trees take a different course. Basing observations on the 
moisture free basis 1 (dy/dt), i.e., the slope of the total nitrogen curves of the 
untreated tree is negative to the end of September ; whereas in the treated 
tree (dy/dt), though fluctuating considerably, shows a net change of almost 
zero. In other words, from May 13 to the end of September there has been 
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Fig. 1. Total nitrogen in the leaves, new (1924) branch growth and one year (1923) 

branch growth. 

no net gain or loss in total nitrogen in the one year (1923) branch growth 
of the treated tree ; whereas in the unfertilized tree the total nitrogen of the 
one year (1923) branch growth decreased 35 per cent, during the same 
period. 

The increase in the total nitrogen content of the one year branch growth 
of tree no. E~20 continues until it is utilized by the demands of the develop- 
ing shoots. An inspection of the curves shows that the second application 
(June 8) of 10 pounds of NaNO s to E~20 is absorbed more rapidly than the 
first application. These facts lend further support to the suggestion that 
the rate of absorption of a nutritive element is fundamental and probably 
one of the most important factors in soil fertility and plant nutrition 
problems. 
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The differences in total nitrogen content as a result of fertilization are 
again clearly indicated at the period when the trees enter the rest period. 
On April 4 the one year branch growth of the untreated tree has 0.299 per 
cent, nitrogen, but on November 11 only 0.208 per cent, on the fresh weight 
basis, i.e., 0.635 per cent, and 0.437 per cent., respectively, on the moisture 
free basis; whereas the treated tree has 0.263 per cent, and 0.346 per cent., 
i.e., 0.628 per cent, and 0.690 per cent, on the fresh and moisture free basis, 
respectively, on the respective dates. The results are clearly shown in 
table Y. 

TABLE V 

Comparison op the percentages of total nitrogen of the one year branch 

GROWTHS OF EACH TREE AT CERTAIN PERIODS 


Collecting date 

Untreated 

Treated 

Fresh 

weight 

basis 

Moisture 

free 

basis 

Fresh 

weight 

basis 

Moisture 

free 

basis 

April 4, 1924 

0.299 

0.635 

0.263 

0.628 

April 28, 1924 

0.288 

0.720 

0.329 

0.764 

November 11, 1924 

0.208 

0.437 

0.346 

0.690 


Total nitrogen of the new (1924) branch growth. — The differences 
in total nitrogen content of the new (1924) branch growth are also quite 
marked on the two trees. The untreated tree had a total nitrogen content 
of 0.379 per cent, on June 11 and of 0.300 per cent, on November 11 on the 
fresh weight basis, i.e., 1.40 per cent, and 0.603 per cent, respectively, on 
the moisture free basis ; whereas the treated tree had a total nitrogen con- 
tent of 0.432 per cent, and 0.517 per cent, on the fresh weight basis, i.e., 
1.503 per cent, and 0.900 per cent., respectively, on the moisture free basis 
on these dates. 

Table VI conveniently shows the effect of the NaN0 3 applications on the 
total nitrogen content of the new growth. 

It has already been shown in the third paper that the results of applying 
5 pounds of nitrogen are only just about sufficient to maintain nitrogen 
equilibrium under the conditions of that experiment. Considering, then, 
only the season’s (1924) branch growth and the one year (1923) branch 
growth, the present results show that whereas the untreated tree will start 
the next season on a much lower nitrogen plane than in the previous season, 
the treated tree has slightly more than maintained equilibrium. This 
appears to be in accordance w r ith the practical results obtained in this Ex- 
periment Station, indicating that 10-pound applications of NaNO s per tree 
may be practicable economically. 
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TABLE VI 

Comparison op the percentages op total nitrogen op the new (1924) branch 

GROWTHS OF EACH TREE AT CERTAIN PERIODS 



Untreated 

Treated 

Collecting date 

Fresh 

Moisture 

Fresh 

Moisture 


weight 

free 

weight 

free 


basis 

basis 

basis 

basis 

June 11, 1924 

0.379 

1.400 

0.432 

1.503 

November 11, 1924 

0.300 

0.604 

0.517 

0.900 


Total nitrogen in the leaves. — Table VII shows the effect of fertiliza- 
tion on the total nitrogen content of the leaves. The effect on the leaves is 
more clearly indicated in the diminution in concentration of nitrogen as 
indicated by the much lower figures for the untreated tree on the fresh 
weight basis than in the absolute quantities. 

TABLE VII 

Comparison op the percentages op total nitrogen op the leaves op each tree at 

CERTAIN PERIODS 



Untreated 

Treated 

Collecting date 

Fresh 

Moisture 

Fresh 

Moisture 


weight 

free 

weight 

free 


basis 

basis 

basis 

basis 

May 18, 1924 

0.860 

3.520 

0.830 

3.610 

November 11, 1924 

0.443 

1.240 

0.677 

. 

1.550 


Although the character of the curves is the same, there are decided quan- 
titative differences. On May 13 the total nitrogen content of the young 
leaves of the untreated tree is 0.860 per cent, and of the treated tree 0.830 
per cent, (fresh weight basis), or 3.520 per cent, and 3.610 per cent, (mois- 
ture free basis), respectively. At the end of the period of chlorophyll de- 
generation, about the time of leaf fall, the untreated tree contained 0.443 
per cent, and the treated tree 0.677 per cent, (fresh weight basis), or 1.240 
per cent, and 1.550 per cent, (moisture free basis), respectively. 

The same fall in total nitrogen content of the leaves from the time of bud 
opening to the middle of June, observed in the previous investigation and 
described in the third paper of the series, takes place in both trees. This 
corresponds to the period of most rapid growth. 

The nitrogen distribution 

The partition of nitrogen in the leaves. — The marked differences in 
the nitrogen metabolism of the two trees is very evident from an inspection 
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Fig. 2. Total water-soluble N, water-soluble protein 1ST, non-protein N, amino N, amide 
N and “rest” N in the leaves of the untreated tree (no. E-22). 

of figs. 2 and 3. The analytical results are given in table III. The most 
striking differences are in the total water-soluble nitrogen, the non-protein 
nitrogen, the amino nitrogen, and the “rest” nitrogen. The effect of the 
second application of NaNO s on June 8 results in a large increase of total 
water-soluble and non-protein nitrogen. Thus, in the treated tree the in- 
crease in concentration (as indicated by the fresh weight results) of water- 
soluble N and non-protein N from June 11 to July 16 amounts to 43 and 16 
per cent., respectively, but during the same period the total water-soluble 
and non-protein nitrogen of the leaves of the untreated tree show an increase 
of only 6 and 8 per cent., respectively. The earlier investigations show a 
similar fluctuation, occurring, however, a month later. That the increase at 
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this period in the untreated tree can be due solely to increased nitrification 
of the soil is quite clear, for fig. 4 shows that the one year (1923) branch 
growth increases in total water-soluble nitrogen also. 

The course followed by the amino and amide nitrogen in the leaves calls 
for no special comment. The curves are similar to those described in the 
earlier investigations (7). It is to be noted that they are much higher in 
the fertilized tree as a result of the NaN0 3 treatment. 

The “rest” nitrogen compounds represent, both in absolute magnitude 
and in their metabolic gyrations, an extremely important group in that the 
evidence indicates that these unclassified compounds form an important link 
in the degradation of proteins (7). The fluctuations of this fraction in the 
two trees show more remarkable differences than any of the other fractions. 



Fig. 3. Total water-soluble N, water-soluble protein N, non-protein N, amino N, amide 
N and “rest” N in tlie leaves of the treated tree (no. E-20). 
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Eig. 4. Total water-soluble N, water-soluble protein N, non-protein N, amino N, amide 
N and “rest” N in the one year (1923) branch growth of the 
untreated tree (no. E-22). 

The positive slope of the “rest” nitrogen curve in fig. 3 just after the appli- 
cation of nitrate to the treated tree on June 8 is a characteristic of this tree 
only ; the leaves of the untreated tree do not show it. It is hoped to be able 
to isolate and identify some of these unclassified nitrogen compounds later. 

The PARTITION OF NITROGEN IN THE ONE YEAR (1923) BRANCH GROWTH.— 
The conclusions drawn in the earlier investigations are, in general, con- 
firmed in this investigation; and it will, therefore, be unnecessary to discuss 
them in detail again. The visual presentation by means of figs. 4 and 5 
shows very clearly the differences between the treated and untreated trees. 

The influence of the sodium nitrate addition on the nitrogen partition 
on the one year (1923) branch growth of tree no. E~2Q on April 20 and 
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June 8 is very marked. From a comparison of the cycle curves (figs. 4 and 
5) it is readily seen that the period of absorption is characterized by a 
marked increase in the total water-soluble and the non-protein nitrogen with 
concomitant increases in the amino, amide and basic nitrogen of tree E-20 
(treated) in comparison with tree E-22 (untreated). 

On April 21 the percentages of total water-soluble nitrogen in the one 
year (1923) branch growth of trees E-20 (treated) and E-22 (untreated) 
are 0.0463 and 0.0520 per cent., respectively, but three weeks later the 
quantities present are 0.0789 and 0.0385 per cent., respectively — an increase 
of 85 per cent, and a decrease of 30 per cent., respectively. Again, at the 
last sampling, November 11, tree no. E-20 (treated) has 0.0852 per cent, 



Fig. 5. Total water-soluble N, water-soluble protein N, non-protein N, amino N, amide 
N and “rest” N in the one year (1923) branch, growth of the 
treated tree (no. E-20). 
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but tree no. E-22 (untreated) has only 0.0432 per cent, of water-soluble 
nitrogen. The non-protein nitrogen results of the trees parallel these fig- 
ures, viz., 0.0380 and 0.0389 per cent, on April 21 and 0.0429 and 0.0375 per 
cent, three weeks later. 

The mono-amino and amide nitrogen curves, too, are interesting. Up to 
May 10 (about three weeks after the first application of NaN0 3 to E-20) 
the curves for amino N show little differences in the two trees. About this 
date, however, the mono-amino and amide nitrogen begin to increase 
rapidly in the treated tree. The same phenomena are observed after the 
second application of NaN0 3 on June 8. As already pointed out, at this 
time of the year absorption of the NaN0 3 and its transformation to -NH 2 
and - CO.NHo groups is more rapid, for the effect is noticeable in the leaves, 
one year branch growth and new growth within ten days of the second 
application. 

The importance of the “rest” nitrogen compounds both in magnitude 
and in their metabolic gyrations is again clearly indicated in the one year 
(1923) branch growth. Their significance is more or less a mystery, but an 
inspection of the graphs will readily confirm the conclusions previously 
drawn (7) where it was suggested that, they must take part in the degrada- 
tion of proteins. 

The partition of nitrogen in the new (1924) branch growth. — The 
differences in the nitrogen partition in the new (1924) branch growth are 
more marked than in the one year (1923) branch growth. The behavior of 
the treated tree (E-20) with respect to the total water-soluble and non- 
protein nitrogen cycle corresponds to the results obtained in the earlier 
investigations (7). The main point of interest is the steep positive slope as 
shown in fig. 7, about a week after the second application of NaN0 3 (June 
8), and the very large increase again in these constituents during the fall 
storage of nitrogen. 

A complete interpretation of the total water-soluble and non-protein 
nitrogen cycles (fig. 6) of the untreated tree is more difficult. It is appar- 
ent that the concentrations of nitrogen in both fractions are much lower in 
the check tree than in the nitrogen treated tree and that these differences 
are associated with differences in vigor. 

The mono-amino acid and amide nitrogen cycles in the new (1924) 
branch growth of the two trees show the characteristic differences already 
observed in the one year (1923) branch growth, e.g ., the effect of the second 
application of NaN0 3 on June 8 to tree E-20 is very evident from the 
marked increase in amino N and the “rest” N compounds. The large stor- 
age as amide N in the new branch growth as a result of fertilization is very 
marked; thus, on November 11 the amide nitrogen in E-20 is 0.0201 per 
cent, and 0.0350 per cent., but in E-22 only 0.0087 per cent, and 0.0180 per 
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Fig. 6. Total water-soluble N, water-soluble protein N, non-protein N, amino N, amide 
N and “rest” N in the new (1924) branch growth of the 
untreated tree (no. E-22). 

cent, on the fresh and moisture free basis, respectively, and the mono-amino 
N 0.0281 per cent, and 0.0490 per cent, and 0.0073 per cent, and 0.0150 per 
cent, on the fresh and moisture free basis, respectively. 

Summary and conclusions 

These studies are an extension of the partition investigations reported in 
the third paper of the series (7) to two Stayman Winesap trees of the same 
age, growing on sod in a homogenous soil. One of these trees was fertilized 
with NaN0 3 and the other left unfertilized. In general, the present findings 
confirm the conclusions drawn from the previous studies. 
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The present investigations have shown that : 

1. The total nitrogen of the leaves and shoot growth vary with growth. 

During the early growth of spring the demand of the young shoots 
upon the nitrogen of the one year (1923) branch growth is very 
marked. This is especially shown in the untreated tree, E-22. 

2. The effect of the two 10-pound applications of sodium nitrate on April 

20, 1924, and June 8, 1924, on the total nitrogen content of the two 
trees may be thus summarized : 

(a) The total nitrogen content of the one year (1923) branch growth of 
the fertilized tree from the period of full bloom to the end of 
September increased 10 per cent,, but the total nitrogen of the 



I'ig. 7. Total water-soluble N, water-soluble protein N, non-protein N, amino N, amide 
N and “rest” N in the new (1924) branch growth of the 
treated tree (no. E-20). 
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one year (1923) branch growth of the unfertilized tree decreased 
35 per cent, during this period. 

(b) From June 11 to November 11 the total nitrogen of the new growth 

of the treated tree (E-20) decreased 40 per cent., but that of the 
untreated tree (E-22) decreased 57 per cent. 

(c) The leaves of the untreated tree are consistently lower than in the 

treated tree. 

A much lower plane of nitrogen metabolism is thus indicated in the 
unfertilized tree. 

3. The period of most rapid absorption of the NO* ion is characterized by a 

large increase in the total water-soluble and non-protein nitrogen, con- 
comitant with which there is an increase in the amino, amide, basic, 
and “rest” nitrogen fractions of the fertilized as compared with the 
unfertilized tree in the leaves, the one year (1923) branch growth and 
the new (1924) branch growth. 

4. From the course of the curves for total water-soluble and non-protein 

nitrogen or amino N of the fertilized as compared with the unfertilized 
tree, it can be deduced that the first application of sodium nitrate on 
April 20 took three weeks to reach the one year branches. The same 
curves show that the absorption and translocation of the N0 3 ions of 
the second application on June 6 is much more rapid, taking about 
one week only to get to the more metabolically active parts of the tree. 

5. The total water-soluble nitrogen and non-protein nitrogen is decidedly 

higher in the metabolically active parts of the treated tree as compared 
with the untreated tree throughout the whole cycle. These differences 
correspond with the relative vigor of the trees and must be associated 
with differences in enzymatic activity. Taken in conjunction with the 
close parallelism of the amino-acid fraction with the total water-soluble 
and non-protein fractions (7), these findings suggest a possible sim- 
plification of the nitrogen distribution problem in practical horti- 
culture. 

6. Terminal growth was decidedly greater in the fertilized than in the 

unfertilized tree. 

7. Nitrogen is stored in the fall as amide N and as “rest” N compounds. 

The storage of these compounds is much higher in the treated tree than 
in the untreated tree. This fact is of extreme importance in connec- 
tion with the demands of the young shoots in the spring. This is true- 
of both the one year (1923) branch growth and the new (1924) branch 
growth. 

8. The “rest” nitrogen compounds form an important connecting link in 

the synthesis and degradation of proteins. 
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RELATION OP COMPOSITION TO GROWTH AND FRUITFULNESS 
OF YOUNG APPLE TREES AS AFFECTED BY GIRDLING, 
SHADING, AND PHOTOPERIOD' 

R . H. Roberts 
(with twenty-two figures) 

Introduction 

An effort is being made to record the relations of internal composition of 
apple trees to their vegetative responses, especially to the particular growth 
characters accompanying blossom bud formation. Various environmental 
conditions are being used to vary the plant composition. In a previous 
report (4) the effects of nitrogen fertilization were considered. It was 
observed that the vegetative condition as measured by such characters as 
length of growth, leaf colors, bark colors, and plant composition varied 
directly with the nitrogen fertilization under the cultural conditions pro- 
vided : dwarf trees in pots in the greenhouse. On the other hand, blossom 
bud formation was not correlated to cultural treatment, but rather to 
growth character and to a “balance” in composition when the carbohydrate 
and nitrogen content are compared. This is a condition similar to that 
described by Kraus and Kraybill for fruit development in the tomato (2). 
The most vegetative plants or growths were highest in nitrogen, lowest in 
carbohydrates, and unfruitful; the least vegetative plants were lowest in 
nitrogen, highest in carbohydrates and were unfruitful ; and the moderately 
vegetative plants were intermediate in nitrogen and carbohydrate content 
and were fruitful. 

The significance of the above relation of composition to blossom bud 
formation and fruiting lies in this: if reproduction is related to growth 
character, which is the response to internal composition, rather than directly 
to cultural treatment, then, (1) we are provided with a basis for inter- 
preting the conflict of results secured from the limiting factor or plot 
method of investigating tree performance, and (2) we can use the growth 
character of the tree as the basis for diagnosing orchard conditions when 
attempting to decide upon needed cultural treatments. Instead of using the 
present unsuccessful method of trying to duplicate a cultural treatment 
which is reported as being profitable in another locality, the practical grower 

i Published with the permission of the Director of the Wisconsin. Agricultural 
Experiment Station. 
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can attempt to produce by any feasible means and with a reasonable assur- 
ance of success, such amounts and types of growth as give the desired fruit- 
ing responses. To illustrate, the use of readily available nitrogen fertilizers 
has become very general in recent years, because of the frequent increase in 
fruiting which results. In situations where low production is due to an 
over- vegetative type of growth, nitrogen fertilization tends further to delay 
or reduce production. A similar condition pertains as regards pruning and 
cultivation ; these may be harmful as well as beneficial to fruiting, depend- 
ing upon the vegetative condition of the trees being considered. 

Materials and methods 

The data presented herein were collected to determine the effect of three 
other environmental conditions upon tree composition, blossom bud forma- 
tion, and to further test whether or not fruitfulness was related directly to 
the treatment or to the balance in composition produced by the treatments. 
The conditions used were girdling, shading, and reduced photoperiod. 

As regards shading and girdling, one hundred yearling Wealthy trees 
grafted on standard seedling stocks were planted in early May, 1926. When 
the new growth averaged one to two inches long, one half of the row was 
covered with a burlap shade on a lath frame. Further, one half of the 
shaded and of the unshaded trees were girdled by removing a half inch of 
bark about mid-height. The girdle was covered with grafting wax. Several 
girdled trees died. Many girdled-and-shaded trees died. The trouble was 
obviously due to lack of root development. No trees were lost from girdling 
in late July after appreciable root development had occurred. Some sucker 
growth was produced below the girdles. A few trees produced sufficient 
callus to bridge the girdle late in the growing season. These latter were 
avoided when sampling for chemical analyses. The effect of shading is prob- 
ably less than would ordinarily obtain, as the sunshine from June to Novem- 
ber was only 41.5 per cent, of possible or 69.4 per cent, of normal in 1926. 

Results 

The growth produced under the different treatments is shown in table I. 
The growth data were obtained from averages of paired trees. That is, the 
“check” is made up of trees having a previous season length and weight like 
the treated trees. Thus each treatment has a separate check. There is con- 
siderable difference in cheeks because the girdled trees which died were 
smaller than the ones which lived and because the larger check trees tended 
to grow more than the smaller ones. 

There are some items of especial interest in table I : 

1. The greatest amount or quantity of growth when measured by per cent, gain 
in weight of tree, total length of shoots, or amount of new roots was made 
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TABLE I 

Effect of shade and girdling upon growth of young apple trees 


Treatment 

In- 

crease 

IN 

WEIGHT 

Length 

TERMINAL 

Diameter 

TERMINAL 

Inter- 

node 

Total shoots 

Ratio 

total 

shoots 

to 

PER 

Green 

weight 

OF 


BRANCH 

GROWTH 

LENGTH 

Num- 

ber 

Length 

CENT. 

WEIGHT 

IN- 

CREASE 

NEW 

ROOTS 2 


Per cent. 

cm. 

mm. 

mm. 


cm. 


gm. 

Sun, un- 








girdled 

162.9 

37.2 

2.86 

24.5 

3.35 

97.0 

0.60 

7.43 

Shade, un- 









girdled 

51.4 

40.4 1 

2.51 

30.0 

2.93 

85.2 

1.66 

2.67 

check 

135.6 

32.6 ! 

> 2.69 

23.6 

2.93 

71.3 

0.53 


Sun, 




■ ■ 





girdled 

40.6 

12.1 

! 3.40 

20.7 

3.66 

52.2 

1.29 

2.48 

check 

154.5 

40.9 

2.68 

23.1 

3.00 

86.3 

0.56 


Shade, 









girdled 

19.6 

21.2 

3.08 

27.4 

3.20 

49.2 1 

2.51 

0.49 

cheek 

168.5 

36.7 

! 3.02 

25.8 

3.40 

104.3 

0.62 



1 Less branching as well as less growth of suckers than sun and girdling. 

2 Average of three trees. 


by the ungirdled sun trees. The least was made by the girdled, shaded 
trees. 

2. On the other hand, the extremes of kind or quality of growth when measured 

by such characters as individual shoot length, diameter and internode dis- 
tance are found in the shaded trees and the girdled trees in the light. 

3. The differences in character of growth above and below the girdles, as will 

be pointed out later, make an error in measuring total growth of tree. For 
instance, the seasonal increase in weight of shaded and girdled trees (aver- 
age 10.8 gm.) is less in some cases than the increase above the girdle, thus 
showing a loss of weight below the girdle. 

The failure to differentiate between the amount and character or quality 
of growth is believed to be a frequent error in interpreting tree growth data 
secured from cultural plots. 

Further details of growth character as affected by the shading and 
girdling are presented in tables II and III and figs. 1 to 19. 

Some responses of particular interest, most of which are recorded in the 
tables or illustrations follow : 
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Pig. 1. Character of shoot and foliage growth: Left to right, 1. Sun; 2. Shade; 3. Sun and girdled; 4. 
Shade and girdled. The leaves of 1 and 4 are very similar in texture although appearing different due to a dif- 
ference in orientation. 


TABLE II 

Effect of shade and girdling upon foliage development of young apple trees' 


mm. 

0.276 


mm. 

0.272 


Sun 

Shade 

Sun, girdled 
Shade, girdled 


1 1 Leaf thickness 1 Cells per sq. mm. 1 


Million cells per 



Stomata 

LEAF SURFACE 

Treatment . _ 

size Above Below Upper, 

Lower 

PER SQ. 
MM. 


GIRDLE GIRDLE SURFACE 

SURFACE 


Lower I Upper 


Details of leaf and stem structure recorded by Marian Deats Abegg. 


TABLE III 

Effect of shade and girdling upon stem anatomy in young apple trees 
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1. The influence of the treatments upon diameter growth. 

2. The marked reduction in secondary thickening in the shade and below 

girdles. Bast flbre development was also nearly absent. Only the check 
trees had second year bast in the lower trunks. 

3. Bay cell shapes varied greatly as well as vessel, wood-flbre, and wood-paren- 

chyma cell sizes. 

4. Starch grain sizes and storage cell wall thickenings were markedly affected. 

5. Leaf palisade was strikingly reduced by shade. 

6. Large leaves on shade trees resulted from both larger cells and greater num- 

ber per leaf. 

7. Girdling and shading greatly reduced root development. This is correlated 

with the effect upon new xylem production. 

Notes: 

1. Three trees were used for each sample. 

2. A modified Kjeldahl was not used in determining total nitrogen, as apple 

wood is rarely found to contain an appreciable amount of nitrates. 

3. Ptyalin digestion was used in extracting starch. 

4. The reducing substances were obtained by the Munson-Walker method and 

were measured by the Shaffer-Hartman titration method. The volumetric 
method gives results with mature apple wood comparable to the gravimetric 
determinations. 

5. Acid hydrolysis was accomplished by refluxing with 2.5 per cent, sulphuric 

acid for one hour. 

6. The bark was not analyzed separate from the wood. This may be a source 

of error. In general, however, it seems that bark and wood analyses vary 
more in percentages, due obviously to a greater inert fraction in the wood, 
than in the direction of difference. While they may show decided differ- 
ences in percentage the fluctuations in amounts are parallel. 

Table IV shows the usual lack of relation between the starch fraction and 
either the reducing or acid hydrolyzable fractions. As usual, these latter are 
not correlated with vegetative condition or anatomical structure. 

The relatively high starch content below the girdles in unshaded trees is 
obviously due to slight utilization of reserves, the small top growth made 
before the time of girdling being from material near the growing points and 
from newly synthesized foods. 

The intermediate carbohydrate content and nitrogen carbohydrate rela- 
tion of new shoots on sun and shade-and-girdled trees as compared to the 
shaded and sun-and-girdled trees is in agreement with their intermediate 
growth character. 

The low nitrogen content of the wood and roots below the girdles, espe- 
cially in the shade, was a surprising condition. The growth character of the 
suckers arising from this region were of a characteristic "high nitrogen” 
appearance. As there is a greater reduction in carbohydrate percentage 
than in nitrogen percentage below the girdles, the lower portion of the stems 
do have a "high nitrogen” condition. This is taken as evidence that growth 
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character is determined more by the relations or qualities of foods than by 
the actual quantities present. 

The low nitrogen content below the girdles may be associated with the 
poor root development on girdled trees rather than being a result of girdling, 
although the nitrogen content of the top is not related to root extension 
either on a percentage or absolute basis. 

TABLE Y 

Nitrogen and starch in young apple trees* 


Treatment 

New 

GROWTH 

TWO YEAR WOOD 

TWO YEAR 
ROOTS 

Upper half 

Lower half 



mg. 

mg. 

mg. 

mg. 

Nitrogen 

Sun 

19.64 

22.73 

17.98 

19.00 


Shade 

11.36 

32.68 

30.18 

23.45 


Sun, girdled— 

13.86 

21.60 

20.32 

19.75 


Shade, girdled 

16.75 

29.30 

8.98 

8.68 

Starch 

Sun 

165.7 

237.8 

169.2 

332.1 


Shade ... 

86.7 

247.6 

256.2 

337.5 


Sun, girdled 

177.1 

331.9 

209.6 

417.0 


Shade, girdled 

156.1 

373.0 

21.2 

48.7 


* The crown piece, including some stem and the main root as well as the new fibrous 
roots, are not included. Differences in previous season 7 s bulk' make direct comparisons of 
treatments useless, but the general tendencies where chemical differences are large can be 
clearly seen. 

TABLE VI 

Effect of shade and girdling upon the percentage of blossom bud formation in 

YOUNG APPLE TREES 


Treatment 

Spurs 

Terminals 

Laterals 

Total buds 

Sun 

0.0 

0.0 

0.0 

0.0 

Shade 

0.0 

0.0 

0.0 

0.0 

Sun, girdled 

47.8 

100.0 

65.7 

65.2 

Shade, girdled 

1.2 

5.6 

0.0 

0.8 


Two conditions will be noted from table YI. One is the relation of blos- 
som bud formation to composition and growth character, and not directly 
to treatment. That is, girdled trees in the sun produced abundant blossom 
buds, but when such trees are shaded they are almost unfruitful as are the 
sun, ungirdled trees which have a like composition and growth character. 
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It will also be noted that blossom bud formation accompanied a condi- 
tion of least growth and greatest carbohydrate content. This is because the 
very high carbohydrate, under-vegetative type of tree was not represented 
in the present series. The blossoming of trees of intermediate or “bal- 
anced” composition will be found in the following report upon the effect of 
reduced photoperiod upon apple tree performance. 

It was desired to determine whether a “short day” had a direct effect 
upon blossom bud formation or produced its effects through changes in the 
plant composition. Consequently, trees which were in very different vege- 
tative conditions due to previous variations in nitrogen nutrition were 
grown with both a full and a six-hour photoperiod from March to August, 
1925. The trees were grown in the greenhouse in 12-inch earthen pots 
resting in trays for sub-irrigating. A ventilated “cage” constructed of 
slats' and building paper was placed over the short day trees from 2 P. M. 
until 8 A. M. each day. Only six trees were grown in each lot. Because of 
the pronounced and consistent behavior of these trees (fig. 20), a record of 
their performance is given here. 

The chemical composition on August 6, is shown together with the blos- 
soming observed in early 1926, in table VII. Sampling was at approximate 
maturity of the long day plants. The short day trees with a high nitrogen 
nutrient definitely stopped vegetative extension only when water was with- 
held. They gave no sign of “maturing” as did the other trees. 

There was a marked increase in length of growth. Variations in leaf 
and stem anatomy were striking. These will be reported in detail after 
repeating the photoperiod experiment with a larger number of trees. 

Very clearly, a short photoperiod did not have the same blossom-forming 
effect upon the two lots of trees : it induced blossoming of the low nitrogen 
trees but entirely prevented blossom bud formation on the high nitrogen 
trees. Reproduction is here obviously related to the chemical composition 
rather than to the treatment and is certainly not directly induced by either a 
short or a long day. With a well balanced nutrition, apple trees are appar- 
ently “long day” plants, that is, they form blossom buds during the long 
days of early summer. 

The long day-low nitrogen trees could be classed if desired as high car- 
bohydrate, under-vegetative trees, and the short day-high nitrogen trees as 
low carbohydrate, over-vegetative trees. In a simliar way the short day- 
low nitrogen and long day-high nitrogen trees could be spoken of as “bal- 
anced,” fruitful trees. That is, fruitfulness accompanied a condition of 
intermediate amount of growth as well as nitrogen and carbohydrate 
content. 

The behavior of the trees in a second season is shown by figs. 21 and 22. 
The removal of samples for analysis constituted a heavy pruning. The 


TABLE YII 

Effect of photoperiod upon chemical composition and blossom bud formation in dwarf apple trees' 
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effect of this operation upon new growth was noticeably less prononnced 
than the influence of light environment. Attention is especially called to 
fig. 21, showing the growth made by trees practically without nitrogen in 
the nutrient for four or five seasons. Two years of short-day treatment has 
produced a slender type of growth with large thin leaves which is charac- 
teristic of over-vegetative trees. That is, reduced period of illumination 
gave a type of growth wholly comparable to making heavy applications of 
nitrate to trees with full illumination. The nitrogen-fed trees in the short 
day for two years produced partially chlorotic foliage and an extremely 
weak spindly growth. 

Before proceeding to a further discussion of the chemical and growth 
data, it is well to inquire as to what significance the analyses have. What 
value should be placed upon the chemical data ? 

The reducing substances extracted in hot concentrated alcohol usually 
show little relation to vegetative condition. This might well be expected in 
view of its presence being dependent upon variations in light and tempera- 
ture as well as upon utilization. 

Starch is the one carbohydrate being analyzed for which does usually 
appear to be closely related to growth condition. Starch values are ob- 
viously high in some samples as has already been pointed out (4). Very 
probably boiling the sample to gelatinize the starch extracts some reducing 
substance. Consequently the range in variation of starch content is really 
larger than is indicated by analyses, 

A discouraging fact is the failure to secure correlation between the acid 
hydrolyzable fraction and vegetative condition. Miss Bradbury (1) has 
pointed out that this is probably because the wall thickenings which are 
present in apple tree tissues and function as reserves are not hydrolyzed 
in the course of standard analysis. Because of the marked relation between 
vegetative condition and anatomical development, the ‘ ‘ hemicellulose ’ ? frac- 
tion should be expected to show a clear correlation to plant growth. Here 
the analyses clearly do not indicate as large differences as exist between 
samples. 

There is a large discrepancy in the amount of material extracted and 
that recovered as reducing substances. This is not only large but it is also 
variable, ranging from approximately 30 to 60 per cent, in the samples 
reported upon in table IV. This difference can not be explained by clarifi- 
cation precipitates, as clarification increased the reducing power of more 
than a majority of the 20 samples compared, table VIII. 

Discussion 

From these and other observations it is hardly necessary to say that a 
mathematical ratio between materials as nitrogen and the carbohydrate 
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TABLE VIII 

Effect of clarification upon the percentages of starch an i> acid hydrolyzable 

CONSTITUENTS OF SOME APPLE "WOOD SAMPLES 


Sample , 

Starch 

Acid hydrolyzable 

Clarified 

Unclarified 

Clarified 

Unclarified 

One year wood. Cheek 

7.40 

7.12 

6.05 

3.81 

Shade 

6.61 

5.74 

3.73 

4.21 

Girdled 

9.92 

10.71 

7.65 

5.62 

Girdled and shade 

8.88 

9.99 

4.31 

4.85 

Two year wood. Check 

5,82 

4.26 



Shade 

5.07 

4.28 



Girdled 

8.29 

6.18 



Girdled and shade 

7.40 

6.82 



Two year roots. Cheek 

14.20 

15.8 S 

4.29 

3.77 

Shade 

12.42 

11.74 

5.66 

4.78 

Girdled 

15.98 

12.85 

5.54 

5.30 

Girdled and shade 

4.02 

4.02 

6.32 

5.88 


fractions is only an indication of relations. It might almost be asked if 
careful histological and micro-chemical records of qualitative differences 
would not better indicate the course of metabolism than do the macro- 
analyses when present standard methods are followed. Better methods of 
analyzing for the usual substances are needed as well as methods for other 
substances than are now considered. 

Rather than suggesting that chemical data are of little importance 
because they show that different samples are not much different in com- 
position, it seems to be a better interpretation to say that chemical data are 
often not of much value or significance because they represent only a part, 
too often small, of the real chemical differences existing between the samples', 
as is indicated by their marked differences in anatomical and growth 
character. 

In addition to indications that blossom bud formation is related to a con- 
dition of “balanced”' growth and composition, there is another significant 
situation which appeared in both series of trees. This is the relation of 
carbohydrate content or carbohydrate-nitrogen relation to vegetative elon- 
gation. This is shown particularly by the long growth of the short-day 
trees, especially those with a low nitrogen nutrient (fig. 21) and by the 
short growth of the girdled trees in the field. 

How do very poorly vegetative trees become strongly vegetative by 
being placed in a short photoperiod f. The change in percentage of nitrogen 
appears directly related to the fall in specific gravity due to a reduced carbo- 
hydrate content. With the respiration of carbohydrate material there is a 
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corresponding liberation of available nitrogen, as Nightingale (3) has 
found in the tomato. If carbohydrate respiration is a liberator of nitrogen 
forms which make for increased growth then carbohydrate accumulation 
must have previously been a binder of those nitrogen forms. Does carbo- 
hydrate accumulation inhibit vegetative extension? Do accumulating re- 
serves check growth as well as accumulate after growth in length is checked ? 
That could be an interpretation of the reduced growth of girdled trees. 
Girdling so changes other factors that this evidence might be weak. The 
relation of amount of elongation to composition in the shade-and-girdling 
series does, however, appear suggestive. The probable, if not apparent, 
relation of carbohydrate accumulation to reduced growth has many prac- 
tical applications in connection with such questions as dwarfness, period of 
growth, “old age” in trees, partial etiolation, the rest period, as well as 
with blossom bud formation. 

The “limiting factors” affecting growth may be within as well as with- 
out the plant. Clearly, relations rather than merely amounts of materials 
influence if they do not control vegetative response. The direct causes of 
growth responses should apparently be sought within the plant. At least, 
a fixed environment does not give a fixed response with plants of a different 
previous history. With agricultural perennials in a variable soil and 
climatic environment growth character should, then, be the basis for cultural 
treatment. 

Summary 

1. No separate environment had a consistent effect upon the composi- 
tion, growth character or fruitfulness of young apple trees. For example, 
girdling checked growth and induced fruiting ; shading of girdled trees neu- 
tralized the effects of girdling giving a growth situation comparable to 
ungirdled sun trees. Again, short-day trees without nitrogen grew and 
blossomed like long-day trees with nitrogen. 

2. Growth character, including blossom bud formation, is primarily 
dependent upon internal composition and secondarily upon external environ- 
ment. That is, of the five environmental conditions employed — sun, shade, 
girdling, photoperiod, nitrogen nutrient — none produced a specific growth 
situation. 

3. The type of growth should be the condition used as a basis for decid- 
ing upon cultural practices. 

4. Chemical analyses as developed at present provide only a limited and 
not too accurate method of measuring plant performance. 

Horticultural Department, 

University op Wisconsin, 

Madison, Wisconsin. 
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EXPLANATION OF PLATES 

Plate II. P'igs. 2-5. Upper epidermis of sun, shade, sun and girdled, and shade 
and girdled leaves. Camera diagrams by Marian Beats Abegg. 

Figs. 6-9. Lower epidermis of sun, shade, sun and girdled, and shade and girdled 
leaves. Camera diagrams. 

Figs. 10, 11. Camera diagrams of cross-section of leaves of sun and shade leaves. 
Plate III. Figs. 12-15. Camera diagrams of cross-section in pith of new wood: 
sun, shade, sun and girdled, and shade and girdled. 

Figs. 16, 17. Pith cross-section in lower stems of sun and girdled and sun trees. 
Note utilization of starch and wall thickening reserves in 16. 

Plate IY. Figs. 18, 19. Cross-section diagram in new growth wood of shaded and 
sun and girdled trees. 

Fig. 20. Trees with nitrogen. Left, long day; right, short day. 

Plate Y. Fig. 21. Trees without nitrogen. Center, long day, two years; left, 
short day in 1925 and long in 1926; right, short day, two years. 

Fig. 22. Trees with nitrogen. Right, short day in 1925, long day, 1926; left, 
short day, two years. Note the seasonal change in foliage character at left. 






TEMPERATURE AND OTHER FACTORS AFFECTING THE REST 
PERIOD OF POTATO TUBERS 1 

W. E . Looms 
(with FOUR FIGURES) 

The rest period and means of breaking the rest period of seeds and -stems 
are of very general scientific interest to plant physiologists. Some means 
of breaking the rest period of the irish potato is also of economic importance 
in those sections of the country where late varieties cannot be grown suc- 
cessfully, and where the high summer temperature limits the common storage 
period of the early crop to about three months. The fall crop of these early 
varieties supplies the best keeping potatoes obtainable in the South, but 
northern grown seed cannot conveniently be held until the late July or early 
August planting date, and seed from the spring crop does not germinate 
with usual treatments in time to produce a second crop the same season. 
The result is that the South either has to import 50 million bushels of 
potatoes or resort to less satisfactory substitutes for this important food 
product. At 1926-27 prices, one-fifth of the cotton produced in the older 
southern states would be used in exchange for potatoes if the average con- 
sumption of the country were maintained in this section. 

Methods used to shorten the rest period of potatoes 

A number of workers have employed chemicals of various kinds to break 
or shorten the rest period of potato tubers. Of these McCallum (6) recom- 
mended ethyl bromide; Appleman (2) used hydrogen peroxide; Rosa (9) 
employed nitrate of soda and later (10) ethylene gas ; Denny (5) , in a large 
number of trials, found the ethylene derivatives, ethylene chlorohydrin and 
ethylene dichloride, to be very effective in breaking the rest period of irish 
potatoes. With the exception of the nitrate of soda treatment, which is not 
always effective, all of these methods require special chemicals and equip- 
ment, and a skill in manipulation which is not always available in commer- 
cial practice. 

Among the workers who have resorted to nonchemical means of shorten- 
ing the rest period, Muller-Thurgau (7) was able to force potatoes in one 

1 Published with the consent of the Director as paper no. 52 of the Journal series, 
of the University of Arkansas. 
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month by storing them at 0° C. In a later paper (8) he reported negative 
results with a “warm-bath” treatment at 35° C. for one hour. Appleman 
(2) found that treatments which facilitated the exchange of oxygen between 
the tuber and the atmosphere were highly effective in breaking the rest 
period of freshly dug tubers. In order of effectiveness he recommended 
peeling, covering of immature tubers so that a subdued light reached them, 
and cutting of mature or immature potatoes. The effectiveness of the treat- 
ments was reduced by allowing the injured surfaces to dry and by covering 
the treated tubers with soil instead of moss or excelsior. For these reasons 
his methods are not easily applied commercially. 

Stewart (12) describes six practices as in use in various sections of the 
South. 1. The cull tubers are thrown back into the row at digging time 
and re-covered immediately. 2. The culls are placed in a shallow trench and 
covered with moist earth until planting time, usually about one month later. 
3. The tubers are spread out in diffused light and allowed to green. 4. The 
tubers are spread as in three but are covered with straw and kept moist. 
5. The tubers are placed in cold storage at 32° F. for three or four weeks 
and allowed to warm up before planting. 6. Pieces of skin are clipped from 
the small tubers which are to be planted whole. This practice may be com- 
bined with any of the others. Corbett ( 4 ) favored a preliminary dry 
storage plus two weeks of treatment no. 4. 

Experimental work 

The work reported here considers the more practical aspects of a study 
of irish potato dormancy which was begun at the University of Arkansas 
in 1925, and which we hope to continue to a more satisfactory explanation 
of the phenomena involved. Both the tables and discussion are given as 
briefly as possible and as a result some details of manipulation are omitted.. 
While no attempt was made in most of the experiments to secure exact con- 
trol of growing temperature, moisture, etc., every precaution was taken to 
obtain comparable conditions by arrangement of flats, repetitions, mixing of 
soil, careful watering by the author, selection of equally sized tubers, etc. 
In experiments involving treatments given at or after planting time, pieces 
from the same tubers were used in each of the comparisons whenever this 
was possible. Unless otherwise specified, sound, disease-free tubers weighing 
between 3.75 and 4.25 ounces were quartered longitudinally and not more 
than one piece from a tuber used in a given treatment. Thus in the experi- 
ments using 40 pieces per lot, 40 tubers are represented. 

The data given may conveninently be considered under three groupings : 
(1) Factors which affect the degree of dormancy at the time the potatoes 
are dug, or seed factors. (2) Factors which influence the rest period during 
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the interval before the crop is replanted, or storage factors, and (3) Factors 
which influence the germination of the planted potatoes, or soil factors. 

Seed factors affecting dormancy 

Variety. — It is a common observation that some varieties exhibit a more 
profound dormancy than others. Of the two varieties used in this work, 
Bliss Triumph responded more readily to both storage and chemical treat- 
ments than Irish Cobbler. No extensive variety tests were made but the 
author suggests, in the light of other experiments and analyses, that those 
varieties classed as mealy because of their normally high starch content may 
show deeper dormany than the varieties having a lower starch and higher 
protein content. It may be noted in this connection that potatoes grown 
under high moisture and temperature conditions frequently exhibit so little 
dormancy as to sprout before maturity and while the parent vine is still 
green. Bushnell (3) has shown that there is a deficiency of carbohydrates 
in potato plants grown under these conditions. 

Fertilization. — The influence of the fertilizers applied to the growing crop 
upon the dormancy of the tubers produced was observed briefly. The data 
in table I indicate that there was a slight correlation between fertilization 
and the germination of the tubers produced. Unfortunately the experiment 
does not distinguish between the effects of nitrogen and potash and so can 
be only suggestive for future work in which the relation of nitrogen to the 
accumulation of carbohydrates,, and of the K-Ca balance to permeability 
will be differentiated. 

TABLE I 

Effect of previous fertilization upon the dormancy of potatoes 


Seed treatment and previous 

FERTILIZER APPLICATION 

Pieces 

sprouted 

Sprouts up 

Total weight 
sprouts 


Per cent. 

Per cent. 

gm. 

Seed treated with ethylene 



No fertilizer - 

97.5 

42.5 

[ 61.3 

1200 pounds 4-8-4 fertilizer 

100.0 

75.0 

61.2 

1200 pounds 4-0-4 fertilizer 

100.0 

87.5 

70.9 

Seed untreated 



! ■ ■ 

i 

No fertilizer 

67.5 

67.5 

| 6.5 

1200 pounds 4-8-4 fertilizer 

97.5 

67.5 

7.0 

1200 pounds 4-0-4 fertilizer 

92.5 

75.0 

j 9.5 


Size of tuber. — Extended observations indicated that the larger tubers in 
a given lot of potatoes have a shorter rest period and respond more readily 
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to various treatments than do those of smaller size. The difference appears 
to be sufficiently large and consistent to justify the recommendation that 
only tubers weighing three ounces or more be used for second crop seed 
where rapid germination is desired. The smaller sizes germinate as readily 
as the larger when both are held in storage for several months before plant- 
ing, and the difference seems to be one of development or maturity. 

In the experiments reported in table II, one ounce seed pieces were cut 
from four ounce tubers by longitudinal sectioning, and one ounce tubers 
were partially peeled to obtain a comparable wound stimulus. In the two 
series of experiments reported, the first planting date was immediately after 
harvest. The second planting date shows the duration of the storage con- 
dition indicated in the third column. Fifty tubers are represented in each 
lot in the 1925 experiments and 20 in those run in 1926. A 65 per cent, 
better germination and 100 per cent, greater growth per germinating sprout 
is shown for pieces of the same size cut from the larger tubers. Two ounce 
tubers gave intermediate results. The 1925 plantings were harvested on 
Feb. 11, 1926, and the 1926 plantings on Feb. 21, 1927. 

Storage factors affecting the dormancy of potatoes 

Storage treatment for shortening the rest period of potatoes, particularly 
if they are such as can be given on the average farm, are of especial interest 
from the practical viewpoint. Appleman (2) has stressed suberization as 
a factor contributing to dormancy and he found that the suberization of 
immature tubers could be retarded or prevented by placing them imme- 
diately in moist excelsior. Muller-Thurgau (7) was able to break the rest 
period of irish potatoes by storage at 0° C. The two factors, humidity and 
temperature, thus seem to be involved, and an extensive study was made of 
their separate and combined effects. 

Humidity. — Nineteen comparisons were made in which various lots of 
potatoes were stored at various temperatures in air and damp moss. The 
temperature of the potatoes stored in moss was normally 2-4° below that 
of the chamber and this temperature difference probably accounts for some 
of the differences in growth response which were observed. When the 
storage temperature was moderate the dry potatoes gave the best germina- 
tion ; when it was high those stored in moss showed the least injury and made 
the best growth. The beneficial effect of the moss lay apparently in the 
conservation of moisture rather than in the reduction of suberization, and 
is in all probability related to the slow formation of wound periderm which 
Shapovalov and Edson (11) observed in shriveled tubers. 

Temperature. — In the first experiments on storage temperature it was 
assumed that storage at 0° or 5° C. would give the best results and higher 
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temperatures were used only as cheeks. One lot of tubers w T as accidentally 
left over a steam radiator and was badly shriveled at the end of ten days. 
When planted, this lot surprisingly gave the best germination of any of the 
storage treatments used and was also superior to any of the lots treated with 
various salt solutions, including nitrates and sulphates. Continued experi- 
ments involving a hundred and eighty lots of potatoes have very clearly 
shown a shortening of the rest period by storage temperatures around 30° C. 
The optimum storage temperature varies with the size and the condition of 
the tubers used and the duration of the experiment, but a temperature of 
30°-33° C. for a period of four weeks has given generally satisfactory results 
with 4 ounce tubers. Similar effects were obtained whether the tubers were 
stored in an incubator at a constant temperature or in the attic of a low 
roofed building having an average temperature of approximately the same 
degree, so that the commercial application of the method during the southern 
summer is a simple matter. 

The experiments on storage temperature were run in three series, em- 
ploying the fall crop of 1925 and the summer and fall crops of 1926. In 
1925 Triumph and Cobbler, second crop tubers were harvested on October 
20 immediately after the first killing frost. The check lots were planted and 
the storage treatments started on the following day. The checks were thus 
planted on October 21, the three weeks’ storage lots on November 11, and 
the six weeks’ storage lots on December 2. All treatments were harvested 
together on February 11 so that the growing periods for the three plantings 
were 112, 92, and 71 days respectively. 

The potatoes stored at 16%20° were packed in damp moss, while the 
others were in dry storage. The treatments marked 20°-35° were intended 
to have been 20°~23° and the high temperature during the second week was 
accidental. In addition to the irregularity of the temperature on these 
lots, some of them were injured by excessive temperatures. 

Because of the preliminary nature of the work complete data are not 
given, but an average of the check and six weeks’ storage treatments is in- 
cluded in table III. Five lots of forty pieces are averaged for each figure. 
The table indicates the conclusion which was drawn from the series, namely, 
that moist storage at moderate temperatures was no more effective than 
immediate planting in breaking the rest period and that, in spite of the 
temperature irregularities and injury to some tubers, dry storage was 
slightly more effective than cold storage at 0°-2° C. 

In the second series, potatoes dug July 1, 1926, were held at 20° C. until 
July 6-8, when the check plantings were made and storage lots selected. 
Four storage conditions were used for four weeks’ storage periods, namely, 
commercial storage at 0°-2° C., cellar storage at 20°-21° 0., an insulated 
room at 23°-28° C. and an attic room beneath a low roof which had a tern- 
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TABLE III 

Effect of storage temperature upon the dormancy of irish potatoes 

Series I 


Storage treatment from 

Oct. 21 to Dec. 2 

Sprouts 
through 
on Eeb. 11 

Pieces 

germinated 

Average total 

WEIGHT SPROUTS 
FROM 50 PIECES 

, 

Per cent. 

Per cent. 

gm- 

None (planted Oct. 21) 

0.5 

7.3 

1.5 

Damp moss at 18° C 

0.7 

4.3 

i 1-0 

Cold storage at 1° C . 

22.2 

55.7 

62.7 

Heated room at 20°-35° C 

17.1 

72.1 

| 57.3 


perature of 25°-35° C. Average temperatures for the two rooms were 
roughly 25° and 30°, while the cellar temperature was very constant at 
20° C. Tubers stored for four weeks at the four temperatures were planted 
August 4 in deep flats filled with a sandy soil, and duplicate lots held at 20° 
and at approximately 25° to observe the germination rate. Forty one-ounce 
pieces, representing forty 4-ounce tubers, were used in each lot. The remain- 
ing pieces from these tubers were treated with 2 per cent, ethylene chloro- 
hydrin by a method very kindly furnished to the author by Dr. F. E. 
Denny, of Boyce Thompson Institute, and were placed with the checks at 
the two germination temperatures. 


TABLE IV 

Effect of storage temperature upon the dormancy of irish potatoes 

Series II 


Storage treatment from 
July 7 to August 4 

Germination 
temperature 
from Aug. 4 
to Aug. 31 

Sprouts 
upon 
Aug. 23 

Pieces 
germinated 
on Aug. 31 

Total weight 
SPROUTS FROM 
40 PIECES 
Aug. 31 



Per cent. 

Per cent. 

gm. 

None (planted July 7) 

20° C. 

0.0 

5.0 

0.2 

Cold storage — 1° C. 

d 

o 

O 

25.0 

82.5 

4.3 

Cellar— 20° C 

20° C. 

16.3 

90.0 

4.6 

Room — 25 3° C 

20° C. 

43.8 i 

85.0 

8.3 

Attic — 30 ±5° C. 

20° C. 

68.8 

88.8 

13.8 

None (planted July 7) 

25° C. 

■-d-.d'- A;! 

87.5 

7.0 

Cold storage — 1° C 

25° C. 

37.5 

52.5 

5.5 

Cellar— 20° C. - 

25° C. 

60.0 

97.5 

9.8 

Room — 25 + 3° C 

25° C. 

66.3 

95.0 

12.8 

Attic — 30 •+■ 5° C 

25° C. 

100.0 

100.0 

16.0 
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A comparison of the growth made by the tubers stored for four weeks 
at 30° C. with the growth made by those treated with 2 per cent, ethylene 
chlorohydrin is given in table V. The ethylene treatment was most effective 
on the lots from the lower temperatures and had very little influence on the 
tubers from 30° storage, particularly at the higher germinating temperature, 
thus indicating that these lots had been brought through the rest period in 
four weeks. Tubers treated with ethylene on July 7 made a much better 
growth than the check as is shown in tables I and IX, but it is normally 
desirable to hold Triumph potatoes from digging time in June until the 
latter part of July or first of August in order to obtain the maximum benefit 
from the cool fall weather, so that the potatoes are actually stored for 4 to 6 
weeks and the high temperature storage treatment is easily added. 

Bliss Triumph potatoes planted August 1 and dug November 6 were used 
for the third series which was started November 8, 1926. Carefully selected 
lots of twenty or more tubers were stored in a series of incubators. For the 
lower temperatures the incubators were set up in a cold storage room. As 
originally planned the series was arranged in 5° intervals from 0° to 35° C., 
but the failure of the thermostat in the 10° chamber and injury from a 
mercury disinfectant used on the 25° and 30° lots reduced the comparisons 
finally used to those given in table VI, and illustrated in figures 1 and 2. 


Fig. 1. Effect of storage at 35 0 C. upon the dormancy of potatoes. Left, planted 
November 8, 1926, and photographed February 21, 1927, 105 days after planting; right, 
stored November 8 to December 23 at 35° C. and photographed 60 days after planting. 
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Fig. 2. Increased growth with increased storage temperature. Left to right in vertical 
arrangement, check planted November 8, 1926; stored at 5° C. until December 23; stored 
at 15° C.; stored at 20° C. ; and representative plants from the tubers stored at 35° G. 
Photographed on February 21, 1927. 

TABLE V 

Comparison of ethylene chlorohydrin and high storage temperatures for forcing 

DORMANT POTATOES 



Germinated 

AT 20° C. 

Germinated at 25° C. 

Treatment 

Germination 

Weight 
sprouts per 
40 PIECES 

Germination 

Weight 
SPROUTS PER 
40 PIECES 



Per cent. 

gm. 

Per cent. 

gm. 

30° storage 

88.8 

13.8 

100.0 

16.0 

30° + ethylene 

100.0 

18.5 

96.2 

17.0 

20° storage 

90.0 

4.6 

97.5 

9.8 

20° + ethylene 

Average all 

95.0 

19.8 

i 91.2 

I 

18.0 

ethylene treatments 

98.5 

18.9 

| 95.0 

18.9 


Soil factors affecting the dormancy of planted potatoes 
Moisture. — Moisture may be a limiting factor in the germination of sec- 
ond crop potatoes, particularly when they are planted on the land occupied 
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TABLE VI 

Effect of storage temperatures upon the dormancy of irish potatoes 

Series III 


Record from 40 pieces on Eeb. 21 


: ' .. ' ■ ■ . . 

Storage treatment from 
Nov. 8 to Dec. 23 

Sprouts 

through 

Pieces 

germinated 

Total 

GREEN 

WEIGHT 

TOPS 

Total 

weight 

NEW 

TUBERS 


Per cent. 

Per cent. 

gm. 

gm. 

Check (planted Nov. 8) 

17.5 

87.5 

18.8 

0.0 

Incubator at 5° C 

27.5 

82.5 

41.8 

cq 

CO 

Incubator at 15° C «... 

50.0 

100.0 

55.2 

0.0 

Incubator at 20° C 

85.0 

100.0 

154.0 

21.6 

Incubator at 35° C 

77.5* 

77.5* 

855.2 

252.1 


* Six weeks 7 storage at 35° was more than was necessary for the 4 ounce tubers and 
they showed injury which resulted in rot after the pieces were planted. Small tubers 
stored at this temperature were less shriveled and gave perfect germination but a smaller 
total growth. 

by the first crop. Field observations in 1926 suggested that a secondary 
dormancy might be induced in chemically treated seed by planting in soil 
whose moisture content is too low for immediate germination. Under most 
conditions, however, moisture is more likely to be a limiting factor in yield 
per hill than in germination. Thus in the tests referred to above, second 
crop potatoes planted after fallow came up only to a 26 per cent, better 
stand than those planted after early potatoes; but they produced a 50 per 
cent, better yield per hill and an 84 per cent, better yield per acre than the 
potatoes on the double cropped land. 

Fertilizer. — The stimulating effect of nitrates, and certain other salts, 
particularly sulphates, upon the germination of dormant irish potatoes 
suggested that row fertilization might be a factor in the germination of 
second crop potatoes under field conditions. A large number of experiments 
were run in which cut, partially dormant tubers were soaked in salt solu- 
tions of varying strengths. Sodium nitrate, sodium and potassium sulphate 
but especially ammonium sulphate gave a better growth than the checks. 
In pot and field experiments potassium sulphate gave a more rapid germina- 
tion than potassium chloride, and ammonium sulphate than nitrate of soda 
or dried blood. Attempts to force freshly dug tubers with ammonium 
sulphate used as a fertilizer were less successful than the soaking experi- 
ments because of the toxic effect of the heavier applications. The toxic effect 
of the sulphate was, however, less than that of nitrate and it would seem to 
be the more desirable source of nitrogen for second crop potatoes. 
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In some of the early experiments, sand was compared with soil as a ger- 
minating medium for dormant tubers on the assumption that the greater 
aeration in the coarse sand would be advantageous. The pieces planted in 
soil, however, germinated more rapidly and made a greater growth than 
those in sand. This growth was further increased by soaking the seed pieces 
in M/10 nitrate solution or by adding composted manure to the soil, so Jhat 
the increase would appear to be due to nitrogen fertilization. The data in 
table VII indicate that an increased supply of nutrients increased both 
sprout and root growth, but the latter more rapidly than the former. The 
seed used was northern grown Triumph dug about October 1 and planted 
December 16 when they were still dormant but largely out of the rest period. 
Records were taken on January 17 when the sprouts from the pieces planted 
in soil were just coming through. Tubers from the same lot were used in a 
second experiment in March after they had begun to sprout, with the result 
that the pieces planted in a poor, sandy soil made the best growth, followed 
in order by those fertilized with ammonium sulphate, acid phosphate and 
potassium sulphate, manure compost, and nitrate of soda. In field experi- 
ments also, row or heavy broadcast fertilization has commonly delayed the 
germination of potatoes fully out of the rest period. 


TABLE YII 

Germination of partially dormant tubers in sand, soil, and a soil and 

MANURE COMPOST 


Seed treatment 

Growing 

medium 

Total weight from 

40 PIECES 

Sprouts j Boots 

Ratio of 
roots TO 
tops 

■' ■ . ■ . . ' . ■ ' ■ 


gm. 

gm. 

Per cent. 

None 

Sand 

61.3 

26.1 

42.6 

Soaked in M/10 nitrate 

Sand 

69,5 

41.2 

59.3 

None 

Soil 

79.1 

35.9 

45.4 

Soaked in M/10 nitrate ....... 

Soil 

96.1 

57.4 

59.7 

None 

Compost 

184.9 

124.5 

67.3 

Soaked in M/10 nitrate 

Compost 

192.6 

123.3 

64.0 


In another experiment, second crop tubers dug November 6 were divided 
into three lots, one of which was planted immediately in deep flats filled with 
sand and with composted soil while the other two were stored until Decem- 
ber 23 at 20° and 35° C. They were then planted in sand and in compost 
until January 25. The greater growth of the stored lots when planted in 
compost is shown in figure 3, and the complete data are given in table VIII. 
Apparently the nutrients furnished by the compost stimulated the germina- 
tion of the dormant tubers and increased the growth of those partially 
dormant. 



Fig. 3. Soil and temperature effects on the germination of dormant potatoes. Flat at 
left filled with sand and at right with soil and manure compost. Tubers in left half of 
each flat stored at 20° C. for six weeks before planting and those in right half at 35° C. 


Photographed 35 days after planting. 

TABLE VIII 

Germination of dormant and partially dormant tubers in sand and compost 


Storage treatment 

Nov. 9 to Dec. 23 

Growing 

medium 

Sprouts 

UP ON 
Jan. 17 

Pieces 

GERMINATED 

Total 

WEIGHT 

SPROUTS 

FROM 

25 PIECES 



Per cent. 

Per cent. 

gm. 

None (planted Nov. 9) 

Sand 

0.0 

0.0 

0.0 

None (planted Nov. 9).... .. 

Compost 

25.0 

52.5 

83.6 

Incubator at 20° C 

Sand 

0.0 

24.0 

1.9 

Incubator at 20° C 

Compost 

16.0 

52.0 

13.1 

Incubator at 30° C. 

Sand 

76.0 

100.0 

72.1 

Incubator at 30° C. 

Compost 

88.0 

100.0 

199.7 


Soil temperature. — If high storage temperatures shorten the rest period, 
it should follow that high soil temperatures would favor the continuation 
of the same processes and be equally beneficial in starting the growth of 
dormant potato tubers. Such has been found to be the case. The average 
growth of the treatments in table IV which were germinated at 25° C. is 
60 per cent, greater than the average of those held at 20° C., while the 
growth of the 25° check is several hundred per cent, better than that of the 
20° check. The data in tables IX and X indicate that the effect of high, 
soil temperatures applies to freshly dug tubers treated with ethylene chloro- 
hydrin, and that it may be more important than the storage temperature, 
with untreated lots (see figure 4) . Potatoes dug July 1, 1926, were planted, 
with and without ethylene treatment on July 7 and placed under the pre- 
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Fig. 4. Effect of storage and germination temperatures upon dormant potatoes. 
(Left to right, stored 6 weeks at 20° C. and germinated 4 weeks at the same tempera- 
ture; stored at 20° and germinated at 32°; stored at 35° and germinated at 20°; 
stored at 35° and germinated at the same temperature. 


viously described conditions in a cellar insulated room, and low-roofed attic. 
The treated lots were harvested on July 26, and the checks on August 31. 
Thermograph records showed that the cellar temperature was very constant 
at 20° C., that the temperature of the room fluctuated around 25° C., lower- 
ing somewhat toward the end of the period, and that the attic temperature 
was roughly 30° C, for July and 25° C. for August. 


TABLE IX 


Relation of soil temperature to the germination and growth of dormant and 

TREATED POTATO TUBERS 


Treatment 

Approxi- 
mate grow- 
ing tem- 
perature 

Sprouts 

UP AT 
HARVEST 

Pieces 

GERMINATED 

Total green 

WEIGHT 

SPROUTS 
FROM 40 
PIECES 

None 

20° C. 

Per cent. 
2.5 

Per cent. 

5.0 

gm. 

0.2 

None 

24° O. 

40.0 

80.0 

4.5 

None 

28° C. 

60.0 

87.5 

7.0 

2 per cent, ethylene 

20° O. 

12.5 

60.0 

8.5 

2 per cent, ethylene 

25° 0. 

70.0 

77.5 

44.9 

2 per cent, ethylene 

30° C. 

82.5 

92.5 

82.1 
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A second experiment was run in the fall of 1926 in -which tubers stored 
in incubators at 20° C. and 35° CL for six -weeks were replaced in incubators 
at 20° C. and 32° C. after planting, both storage temperatures being repre- 
sented at each germination temperature. Six weeks’ storage at 35° C. was 
excessive for this material and rot loss greatly reduced the showing of the 
tubers from the high temperature storage. Those pieces which germinated, 
were, however, ahead of the pieces previously stored at 20° C. and made a 
24 per cent, greater growth per growing sprout. The final growth on this 
experiment is show T n in figure 4, while germination and growth data are 
given in table X. 

TABLE X 

Belation op soil temperature to the germination op partially dormant potato 

TUBERS 


Storage 

TEMPERATURE 

Germination 

TEMPERATURE 

Sotted 

Germinated 

Total weight 
sprouts from 

25 PIECES 

20° C. 

1 

20° 

Per cent. 

0.0 

Per cent, 

60.0 

I 

gm. 

; 9.i 

35° C. 

1 20° 

68.0 

32.0 

38.4 

20° O. 

32° 

8.0 

88.0 

i 165.4 

35° C. 

32° 

60.0 

40.0 

92.8 


A comparison of the growth at 20° and 25° of potatoes treated immedi- 
ately after digging (table IX) and potatoes treated a month after digging 
(table V) suggests that the effect of the high temperature was to complete 
the breaking of the rest period. Tubers treated immediately after digging 
made a four hundred per cent, better growth at the higher germinating 
temperature while there was no difference in the lots treated with ethylene 
four weeks after digging. 

Discussion 

The work reported in this paper harmonizes with previous publications 
on the subject of dormancy in that the successful treatments have been those 
which increase respiration. The observations on the possible stimulating 
effects of nitrogenous compounds afford an interesting basis for speculation 
upon the relation of starch hydrolysis and protein synthesis to dormancy 
and growth. It is insufficient, however, to state that we are concerned here 
with an application of the law of carbohydrate : nitrogen balance since the 
addition of nitrogen and an extended period of high respiration are con- 
ditions favoring, rather than requirements for, the breaking of the rest 
period of potato tubers. A study of nitrogen distribution offers more 
promise and our preliminary chemical studies have shown important shifts 
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in the colloidal and non-eolloidal nitrogenous fractions. Such changes are, 
however, more probably the result of sugar accumulations from hydrated 
starch than the cause of this reaction. Appleman (1, 2) was unable to 
correlate the rest period with enzyme changes, although he found sugar 
accumulation characteristic of changes which took place toward the end of 
the rest period when the tubers were stored at low temperatures. It would 
seem that dormancy is more probably related to cytoplasmic structure than 
to chemical composition or enzyme formation and that the rest period is 
broken by some such change as the reversal of lipoidal, proteinaceous phases 
in the cytoplasm whereby the permeability of the cell is increased and the 
enzymes associated with the protein phase are liberated. Such a theory is 
in harmony with the efficiency of fat solvents such as ether and ethylene in 
shortening the rest period and with the more rapid rate of water loss from 
tubers which are out of dormancy, but is not easily demonstrated experi- 
mentally. 

Summary 

Experiments are reported in which the rest period of dormant irish 
potato tubers was broken in four weeks by storage during July in the attic 
of a low-roofed building. Extended studies have established the efficacy 
of storage temperatures around 30° C. in shortening the dormant period of 
potato tubers and have demonstrated the importance of high soil tempera- 
tures for the rapid germination of partially dormant tubers. 

Three and four ounce tubers selected from a given lot of freshly dug 
potatoes have germinated more readily and made a stronger growth than 
one and two ounce tubers from the same lot. The difference is lost as the 
tubers pass through the rest period. 

Composted soils and low concentrations of nitrogenous fertilizers had a 
stimulating effect on the germination of dormant and partially dormant 
tubers which was not observed in tubers which were completely out of the 
rest period. 

Storage in damp moss, as compared to dry storage, at high temperatures 
has reduced shriveling and rot loss subsequent to planting, presumably 
because of the more rapid formation of a wound periderm in the turgid 
tubers, but has had no direct effect upon the rest period. 

Department of Horticulture, 

University of Arkansas. 
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THE BASIC NITROGEN OF PLANT EXTRACTS* 
Hubert Bradford Viokeet' 


The estimation of the proportion of the nitrogen of a plant extract which 
occurs in the form of simpler nitrogenous bases is a problem of great im- 
portance. Although the physiological significance of many of these sub- 
stances can, at present, only be guessed at, there is no doubt that they play 
an important part in metabolism, and if adequate information could be 
obtained it is probable that many relationships which are now obscure might 
become clear. 

It is useful to distinguish those of the simpler bases which bear a direct, 
relationship to the amino-acid constituents of proteins from other bases 
which are found in plants. Arginine (I), lysine (II) , and, to a lesser extent, 
histidine (III), are well known in extracts of plant material. Methods for 


I 


NH— CH 2 — CH— CH— CH— coon 
C = NH NH 2 

nh 2 

Arginine 


II 


CH 2 — CH 2 — CH 2 — CH 2 — CH — COOH 

nh 2 nh 2 


Lysine 


hi 


CH 2 — CH(NH 2 )— COOH 


C— NH 

It \ 


CH— N' 


/ 


CH 


Histidine 


the approximately quantitative isolation of these three substances from the 
products of hydrolysis of proteins have been developed, and the general prin- 

* The expenses of this investigation were shared by the Connecticut Agricultural 
Experiment Station and the Carnegie Institution of Washington, D. C. 

i Prepared on invitation from the Committee on Methods of Chemical Analysis, 
American Society of Plant Physiologists. 
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ciples underlying these methods are applicable to the study of plant 
extracts. 

The betaines (IV, V) are formally related to the protein amino-acids 
since they may be regarded as methylation products of these substances. 


IV 


CH 2 — CO 


N- 


/ 


/ 


\ 


-0 


\ 


ch 3 ch 3 ch 3 

Betaine 

(Type substance derived from glycocoll) 


ch 2 — ch 2 


V CH. CH— CO 

\ / ! 

N 0 

/ \ 

ch 3 ch 3 

•Stachydrine 

(The betaine of proline) 


VI 


N= 

=c— nh 2 

HO 

C— NH 

II 

II \ 


CH 


N- 


II / 

-C— N 

Adenine 


They occur widely in plants and may form no inconsiderable part of the 
total basic nitrogen of the extract Unfortunately we have no clean cut 
methods for dealing with the individuals of this group. To be sure there is 
a general precipitant, mercuric chloride in acid solution, but the separation 
of the individual betaines that may be found in one extract is largely a 
matter of fractional crystallization of suitable salts. 


Beside those bases which may he regarded as related to the proteins, there 
are at feast two other distinct types of substances which are usually en- 
countered in plant extracts. These are, on the one hand, the weakly basic 
purines (VI) and, on the other, relatively strong bases such as choline 
(VII) and trimethylamine (VIII). Purines are intimately associated with 


CH 2 — CH 2 0H 

/ch 3 

VII N—CH 3 

\ch 3 

OH 


/CH S 

VIII N — CH S 

\CH, 

Trimethylamine 

(Free base analogous to 
ammonia, NH a ) 


Choline 
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nucleic acid which is supposed to he present in cell nuclei, while choline is 
known to be associated with the phosphorized fats, and may possess other, 
as yet unsuspected, affiliations. 

In the present discussion no account will be taken of that complex and 
economically important group of plant bases known as alkaloids. These 
do not seem to be nearly so widely distributed as the simpler bases and, 
moreover, alkaloid chemistry possesses a technique of its own which differs 
from that required in the study of the simple bases. 

It is necessary to appreciate that these types of substances, which have 
been mentioned as probable components of any particular plant extract, by 
no means exhaust the possibilities. We know of their presence in plants 
simply because they, for the most part, possess properties which render 
isolation and identification easy. But there is every reason to expect that 
further study may reveal the presence of still other basic substances which, 
while they may be known as chemical possibilities or as specimens in the 
museum of the organic chemist, have not yet been shown to occur in nature. 

The problem of the investigation of the bases which occur in plant ex- 
tracts may, for the present purpose, be reduced to that of the choice of suit- 
able reagents. This choice is severely circumscribed by two general re- 
quirements: first, the reagent must not introduce nitrogen and, second, it 
must be readily and completely removable by some manipulation which does 
not introduce conditions that might be expected to alter the other organic 
substances in the solution. These requirements cannot always be met; in 
fact it is seldom that we can remove reagents and, at the same time feel con- 
fident that other components of the solution have undergone no change. We 
have, therefore, a condition in which judgment and experience with each 
individual plant extract must play a dominant part. General prescriptions 
are, at the present time, of doubtful validity and may prove highly 
mischievous. 

Phosphotungstic acid has been employed for many years as a general 
precipitant for bases and, when dealing with the mixture of amino-acids that 
is obtained from the hydrolysis of proteins, it is fairly definite in its action. 
With plant extracts, however, many circumstances combine to render a 
determination of the nitrogen precipitated by this reagent an uncertain 
measure of the true basic nitrogen. 

To illustrate this statement, experiments 2 carried out with extracts from 
the alfalfa plant and from yeast may be described. The alfalfa extract was 
prepared by moistening the ground material (leaf and stem) with ether and 
pressing out in the hydraulic press. The juice was rapidly heated to 81° C.. 

2 These experiments have been in part more fully described 1 in papers in the Jour. 
Biol. Chem. See bibliography. 
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to destroy enzymes and coagulate proteins, filtered and concentrated, and 
alcohol was then added to make a final concentration of 50 per cent, by vol- 
ume. The precipitate so produced was removed and the filtrate concen- 
trated. This solution contained no detectable quantity of proteins, and is 
referred to in the following as “alfalfa filtrate.” In order to remove phos- 
phates and also those organic acids which form insoluble barium salts, an 
excess of barium hydroxide was added and the precipitate removed. An 
equal volume of alcohol was then added to the filtrate and a second pre- 
cipitate removed. The first precipitate contained phosphoric and citric acids 
but little nitrogen, while the second contained malic and malonic acids 3 to- 
gether with nitrogenous compounds accounting for nearly 14 per cent, of 
the total nitrogen of the protein free extract. The filtrate from these pre- 
cipitates was freed from reagents and treated with mercuric acetate, sodium 
carbonate and alcohol (Neuberg’s reagent) (1, 3, 4), a procedure which 
precipitates amino-acids, purines, and bases containing an amino group very 
completely, but which does not precipitate the methylated bases. This pre- 
cipitate was decomposed with hydrogen sulphide and the solution was as- 
sumed to contain the greater part of those amino-acids and bases, exclusive 
of betaines and other methylated bases, which occur in the juice of the alfalfa 
plant. In order to separate the basic substances, phosphotungstic acid was 
then added in the usual way, and the precipitate decomposed by grinding 
with barium hydroxide five times, first in the cold and finally at boiling 
temperature. The fifth extract appeared to contain little, if any, organic 
material. 

The filtrate from the phosphotungstic acid precipitate was treated with 
an excess of barium hydroxide to remove phosphotungstic and sulphuric 
acids and the precipitate thoroughly washed. Finally the excess of barium 
hydroxide was exactly removed from both fractions by means of sulphuric 
acid. This is the customary procedure for the separation of bases from non- 
basic substances. The data which were obtained are given in table I. 

In view of these results what is one to take as the indicated basic nitro- 
gen 1 ? Is it the nitrogen of the base fraction, amounting to 19.6 per cent, of 
the original nitrogen of the alfalfa filtrate, or should the nitrogen which 
could not be removed from the barium phosphotungstate and sulphate pre- 
cipitate, amounting to 4.56 per cent, more of the original nitrogen, be added? 

A still more ambiguous case was encountered in an examination of an 
extract from yeast. The precipitate obtained with mercuric acetate and 
sodium carbonate was divided into two parts, one of which was soluble in 
5 per cent, sulphuric acid, and the other insoluble. This part contained 33.4 

s Unpublished data. For the presence of these hydroxy-acids in alfalfa, see cita- 
tion (2). 
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TABLE I 

The distribution of nitrogen obtained by means of phosphotungstic acid in a 

FRACTION FROM ALFALFA FILTRATE 


Fraction 

Weight 

Proportion 

OF NITROGEN 

OF ALFALFA 

FILTRATE 


gm. 

Per cent. 

Total nitrogen of solution 

28.60 

51.9 

Ammonia nitrogen of solution 

1.54 


Total nitrogen of base fraction 

10.81 

19.6 

Ammonia nitrogen of base fraction 

0.32 


Nitrogen in Ba phosphotungstate and BaS0 4 (base 



fraction) 

2.57 

4.56 

Total nitrogen of filtrate from bases 

12.46 

22.6 

Ammonia nitrogen of filtrate from bases 

0.24 



Nitrogen in Ba phosphotungstate and BaS0 4 (fil- 



trate from bases) 

1.40 


Total nitrogen recovered 

23.27 

42.19 

Nitrogen lost in Ba phosphotungstate and BaS0 4 

3.97 

7.1 

Ammonia nitrogen lost* 

0.98 


Nitrogen unaccounted for 

0.38 



* This ammonia was lost from the alkaline solutions employed in the removal of 
phosphotungstic acid as its barium salt. 


gm. of nitrogen, of which 13.84 gm. were obtained in the base fraction, while 
no less than 6.65 gm. were retained by the barium phospho tungstate and sul- 
phate. In this case it was a question whether one should regard 13.84 gm. 
as the basic nitrogen of this fraction, or 20.49 gm., i.e., 21.5, or 31.8 per cent, 
of the original nitrogen of the yeast extract. 

A partial explanation of the difficulty was obtained by an examination 
of the barium phosphotungstate precipitate. It was boiled with concen- 
trated hydrochloric acid for an hour, diluted and filtered. This extracted 
nearly one-quarter of the nitrogen. Further treatment with acid, finally 
boiling for 24 hours with 20 per cent, hydrochloric acid, extracted nearly 
another quarter of the nitrogen. The hot extracts on cooling deposited 
barium chloride, and, as they contained much free phosphotungstic acid, the 
small amount of organic bases likewise present separated as phosphotung- 
states. These were separated from the barium chloride by extraction with 
acetone. In all somewhat over one gram of nitrogen which appeared to 
belong to basic substances, and over two grams of nitrogen which appeared 
to belong to simple mono-amino-acids, were obtained. The basic substances 
were not further investigated, but the mono-amino-acid fraction yielded 
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appreciable quantities, of glutaminic and aspartic acid while, in addition, a 
mono-amino mono-carboxylic acid fraction was obtained which, on evapora- 
tion, deposited crystals resembling leucine and valine. The occurrence of a 
positive Millon’s reaction indicated the presence of tyrosine, while the fact 
that the amino nitrogen amounted to only 63 per cent, of the total nitrogen, 
in spite of the severe hydrolysis to which the solution had been subjected, 
indicated that proline might also be present. 

To sum up, this experiment shows that, in addition to basic substances, 
phosphotungstic acid precipitated compounds, probably polypeptides, which 
yield simple mono-amino-acids on hydrolysis. It is, of course, impossible to 
determine from the present evidence whether the mono-amino-acids were 
associated with bases as basic polypeptides or whether we were dealing with 
polypeptides containing only mono-amino-acids. The fact remains that by 
no means all of the nitrogen precipitated by phosphotungstic acid belonged 
to strictly basic substances. 

Examination of the solution of, presumably, basic substances obtained 
from alfalfa filtrate by decomposition of the phosphotungstates with barium 
hydroxide has also given evidence of the presence of nitrogen in substances 
which are not bases. The standard procedure with such a solution is to 
obtain fractions representing silver compounds insoluble in acid (the purine 
fraction), silver compounds insoluble in alkali (the histidine and arginine 
fraction), and a filtrate (the lysine fraction). Further work is necessary 
before these fractions can be separated from each other with certainty, and 
still more before we can isolate the individual substance quantitatively from 
each fraction. However, it may be illuminating to describe the results ob- 
tained from the lysine fraction, as they illustrate the difficulties encoun- 
tered in this type of work. This solution contained four grams of nitrogen, 
or 7.4 per cent, of the nitrogen of the alfalfa filtrate. It was treated with 
an excess of mercuric chloride and neutralized to litmus. The resulting pre- 
cipitate contained 2.6 gm. of nitrogen. The filtrate was made alkaline and 
a second precipitate removed which contained 1.0 gm. of nitrogen. From 
the first precipitate less than 0.1 gm. of nitrogen was obtained as lysine by 
crystallization of the picrate. The mother liquors were freed from picric 
acid and a determination of total and amino nitrogen indicated that 38.9 
per cent, of the nitrogen occurred as a-amino groups. The material was sub- 
jected to hydrolysis with acid after which it was found that 71 per cent, of 
the nitrogen occurred in a-amino groups. The solution was next treated 
with phosphotungstic acid, the precipitate decomposed, and nearly one-half 
a gram of nitrogen was then recovered as lysine picrate. The filtrate from 
the lysine phosphotungstate, when freed from reagents, yielded tyrosine 
and a mixture of leucine and valine with other amino-acids. 
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A similar type of material was found in the alkaline mercury precipi- 
tate. No lysine could be obtained from this solution at all until it had been 
subjected to hydrolysis. The hydrolysis raised the proportion of a-amino 
nitrogen from 51 to 81 per cent, and small amounts of lysine could then be 
readily obtained by crystallization of the picrate. Tyrosine and other mono- 
amino-acids were present in the mother liquors. 

It is evident, therefore, that the <c lysine fraction” obtained by the usual 
procedure contained much nitrogen in forms other than lysine, and it is 
highly probable that we were here dealing with a mixture of polypeptides 
in some of which lysine was a constituent. 

It would be tedious to continue the description of the behavior of these 
different basic fractions. The purine fraction consisted essentially of 
purines with little extraneous material, but in the arginine fraction, as in 
the lysine fraction, there were peptides, and some of these may have con- 
tained arginine as a constituent. 

Taken together, therefore, it seems clear that we are not yet in a posi- 
tion to assume that the nitrogen precipitated by phosphotungstic acid from 
plant extracts is wholly basic in nature, and it would not be going too far 
to state that this reagent is far less selective than it is sometimes thought 
to be. This must not be taken to mean that we should discontinue its use ; 
it simply means that the results obtained with phosphotungstic acid must be 
regarded as furnishing outside limits to the true basic nitrogen. Further 
examination of the material precipitated by it is necessary. 

In this laboratory extensive use has been made of a procedure devised 
by Neuberg and Kerb (1) for the precipitation of certain basic substances 
as well as amino-acids. Mercuric acetate and sodium carbonate are added 
alternately in such a way as to maintain an alkaline reaction until further 
addition of either solution produces a yellow precipitate. At this point an 
equal volume of alcohol is added to promote flocculation of the precipitate. 
To illustrate the effectiveness of this procedure as a means of precipitating 
amino nitrogen the results of an examination of a hot-water extract from 
yeast may be quoted. This extract contained 57.2 gm. of total, and 23.4 gm. 
of amino nitrogen. The filtrate from the mercuric acetate and sodium car- 
bonate precipitate contained 5.2 gm. of total and only 0.67 gm. of amino 
nitrogen. As the volume of the filtrate measured over 26 liters, the small 
amount of amino nitrogen which escaped precipitation probably represents 
the solubility of the mercury compounds. 

The advantage of this procedure is that it affords a sharp separation of 
bases containing methylated amino groups, such as choline and the betaines 
(IV, V, VII, and VIII) from other basic substances and from amino-acids. 
In the examination of alfalfa filtrate a solution containing 41.1 gm. of total 
and 10.0 gm. of amino nitrogen was treated in this way. The precipitate 
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contained 28.6 gm. of total and 10.1 gm. of amino nitrogen, while the filtrate 
contained 7.89 gm. of total and only 0.31 gm. of amino nitrogen. The 
slight discrepancy in the quantities of amino nitrogen recovered is prob- 
ably due to experimental error, while the loss of 4.6 gm. of nitrogen is mainly 
due to the 3.38 gm. which could not be recovered from the large amount of 
mercuric sulphide obtained when decomposing the mercury precipitate. Of 
the 7.89 gm. of nitrogen in this filtrate, 4.67 gm. belonged to substances pre- 
eipitable by phosphotungstic acid and 3.68 gm. of this nitrogen were obtained 
as crystalline derivatives of stachydrine (Y) and choline (VIII) (4), while 
traces of betaine (IV) and trimethylamine (VIII) were also present. 
Taking into consideration the difficulty of isolating crystalline derivatives 
in quantitative yield it is apparent that this basic fraction contained little 
except bases of the methylated type. 

A similar fraction from yeast extract consisted almost entirely of cho- 
line and nicotinic acid (5). 

The results with these fractions are in marked contrast to those obtained 
when phosphotungstic acid precipitates are produced in solutions contain- 
ing the amino-acids and peptides present in the original extract. The nitro- 
gen precipitated by phosphotungstic acid from these less complex solutions 
appears in fact to consist entirely of basic nitrogen. The conclusion to be 
drawn is that it would be advisable to accept the total nitrogen precipitated 
by phosphotungstic acid as a measure of the basic nitrogen only when this 
precipitate has been produced in a relatively simple mixture. Precipita- 
tion with this reagent can be regarded, in general, only as a preliminary 
step. 

Our present information indicates that extracts obtained from plants 
are usually extremely complex mixtures. Consequently their chemical ex- 
amination cannot fail to be difficult and laborious. Too much account can- 
not, as yet, be taken of the results of indirect methods of analysis. When a 
substance has once been shown to be present we are, to some extent at least, 
justified in using a short-cut analytical method for its estimation. But in 
the lack of such information, the interpretation of the results of these 
methods becomes a matter of speculation and uncertainty. This may sound 
discouraging to plant physiologists but it must be remembered that we have 
well nigh passed through the era of simplification in science. The older 
beautifully simple statements of the physical laws of nature are already 
undergoing a process of complication. Second and third terms are being 
added to our equations to care for the slight discrepancies which are found 
when more accurate methods of measurement are employed. Animal physi- 
ology is becoming a science in which a broad grounding in physical chem- 
istry is increasingly necessary and it is certain that plant physiology is des- 
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lined to become a Held in which organic chemistry will play an even more 
significant part than it does at present. 

The facts that lysine occurs in this plant, and choline in that, are in- 
teresting, but not as yet important. What is important, however, is to get 
a broad insight into the chemical environment in which the process of life 
is going on. The chemically trained physiologist and the physiologically 
trained chemist will then, perhaps, be able to attain to a clearer conception 
of what this process may be. 

Laboratory of the Connecticut Agricultural Experiment Station, 

New Haven. ■ 
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ELECTRODIALYSIS AS A MEANS OF STUDYING BIOCHEMICAL 
DIFFERENCES IN ABNORMAL APPLE TISSUE* 

James C. Moore, E. G. Beeves, and E. M. Hixon 
(with six figures) 

Within recent years eleetrodialysis has come into favor as a means of 
studying certain chemical and physical phenomena. This method has been 
employed by Dhere and Gorgelewski (4), Adolf and Pauli (1), Freund- 
lich and Loeb (6), Bernhard and Beaver (2), and Ettisch and Beck (5) 
as a means of determining the composition of serums; by Lisbonne and 
Vielquin (10), and Fricke et al. (7) in their investigations 1 of enzyme 
activity. Taylor, Brown, and Scott (15) used eleetrodialysis for sepa- 
rating the active and inactive constituents of insulin; Hoffman and 
Gortner (8) found it a suitable means for splitting free agar acid from 
its calcium salt. Konig (9), Mattson (11), and Clark et al. (3) have 
studied the replaceable bases of soils by the same method. 

From the work of Clark just mentioned on the eleetrodialysis of soils, 
the idea of testing this method for the study of biochemical phenomena of 
plant tissues was conceived, and as a review of the literature at hand 
revealed no report of any such investigations, the present study was 
undertaken. 

Description of eleetrodialysis cell 

Mattson (11) has described a three-chambered cell which he used for 
the study of replaceable bases in soils. Clark, Humfeldt and Alben (3) 
modified the Mattson cell by putting in a cooling system made of ordinary 
glass tubing. The diagrams in figs. 1 and 2 show the essential features of 
such a cell. A 1 and A 2 in fig. 1 are made of hard rubber, % x 8 x 6 inches, 
with an outlet at the bottom for draining the cell. B, C, and D are made 
of %-inch soft rubber as shown in fig. 2. E 1 and E 2 are parchment paper 
membranes. The entire cell is clamped together by means of six bolts. 
The above cell warped badly due to the strain of the bolts when tightened. 
To overcome this and to allow for greater space for biological material, the 
following modifications were made: (1) the cell was made of soft rubber 
throughout; (2) the %-inch soft rubber ends were reinforced with inch 

* Contribution from the Pomology Section and the Department of Chemistry, Iowa 
State College. 
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Pig. 1. Three chambered electro -dialysis cell. Top view. 


brass plates; (3) the cell was made nine inches high, giving a space of 
4 x 8 x % inches for the material under investigation. This compartment 
will readily hold 200 grams of apple parings (wet weight) and the other 
two compartments about 300 milliliters of water. F 1 and F 2 are ordinary 
binding posts for connecting the electrodes and lead wires. The electrodes, 
described by Clark et al. (loc. cit .) were used. They consisted of a plati- 
num wire gauze for the negative cell and a three wire electrode for the 
positive cell. 
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Materials and methods 

The materials used for this investigation were normal and abnormal 
Jonathan apples. 

The normal apples were free from surface blemishes, of good size and 
color, complying with the requirements for A grade fruits. Abnormal 
apples 1 were of the same general size, color and condition of flesh, but were 
badly affected with a superficial dark brown or black circular spot com- 
monly known as Jonathan spot. In most eases about 50 to 75 per cent, 
of the total area of the apples was affected; according to the arbitrary 
classification used by Plagge and Maney (13) apples of this type would 
fall into the bad class. 

These apples had been in storage from October, 1926, to June, 1927. 
They were from the same orchard and so far as known were handled in a 
similar manner throughout the period of storage. 

The fruit was peeled with- a small hand-operated apple parer, the cut- 
ting blade being adjusted to peel as thin as possible, which gave a peel 
about 1 to 2 millimeters in thickness. The parings were immediately 
weighed on a trip balance and then placed in compartment C 1 of the cell 
described in fig. 1. Two hundred milliliters of distilled water were then 
poured into compartments A and B, and the peels in C 1 were covered with 
distilled water. 

A direct current of 110 volts was used for all samples. The amperage 
was recorded at the end of each time interval, which w 7 as> taken from the 
closing of the circuit with the addition of water to the cell, to the breaking 
of circuit by removing the dialysate from the compartments. The time 
required to drain and refill these compartments varied from two to three 
minutes. A twenty-minute period, therefore, actually would be about 
seventeen to eighteen minutes. The dialysate was drained into 300 ml. 
Erlenmeyer flasks, which were tightly closed with rubber stoppers until 
they could be titrated. The material which came out on the basic side was 
titrated electr ometrically , 2 using a student potentiometer, with 0.1 N HC1 
which had been standardized against AgNO s . 

The solution from the cathode cell was titrated with 0.1 N NaOH using 
phenolphthalein as an indicator. Preliminary runs were made using vary- 
ing amounts of tissue and various time intervals for changing the dialysate. 
The final method adopted for the experiment follows: The cell was thor- 
oughly cleaned, new parchment membranes put in place and then dialyzed 
for a period of one hour with frequent changes in order to remove inorganic 

2 The pigment of the Jonathan apple migrates to the negative cell; this gives a 
solution with sufficient color to mask an indicator. Further work is going forward on 
this phenomenon. 


316 


PLANT PHYSIOLOGY 


material from the paper. A weighed quantity (in each case 184.5 gm.) of 
wet apple parings was placed in the cell and the current turned on. The 
time intervals used were two twenty -minute periods, one thirty minutes, two 
one-hour, one two-hour, two four-hour, and one twelve-hour periods. This 
makes a total of twenty-five hours and ten minutes elapsed time. 

These intervals for changing dialysate proved very satisfactory for keep- 
ing the temperature of the middle compartment below 55° C. ; a tempera- 
ture above this was considered to be injurious to the tissue. In only two 
cases did the temperature go above 45° C., both of these being in series 4 ‘ 3a.” 

After titration the dialysates were grouped according to the initial 
E.M.F. and evaporated to dryness on a sand-bath and ashed for the pur- 
pose of qualitative analyses. 

The series were indicated as normal and abnormal ; 1 N, 2 N, 3 N, and 
4 N being the four different samples of normal apple parings, and 1 A, 2 A, 
3 A, and 4 A being the four different samples of abnormal tissue. As pre- 
viously mentioned 1 N, 2 N, 1 A and 2 A were run in different ways and 
will not be used except for comparison of methods. 3 N, 4 N, 3 A and 4 A 
were run identically and consisted of equal quantities of tissue. Therefore, 
these samples are comparable. 

Results 

Table I gives the time interval of changing dialysate, the ml. of normal 
acid, and the ml. of normal base of dialysate as calculated from titration of 
the dialysate at the end of each period. 

TABLE I 

Time of changing dialysate and milliliters of acid or basic constituent at end 

OF EACH PERIOD 


IN 2 N 


N ACID 

Time 

N BASE 

N acid 

Time 

N BASE 

ml. 


ml. . 

ml. 


ml. 

1.725 

1 hour 

5.511 

0.334 

15 minutes 

1.234 

0.799 

1 hour 

1.073 

0.826 

45 minutes 

2.179 

0.431 

1 hour 


0.684 

1 hour 

0.254 

0.212 

1 hour 


0.317 

1 hour 


0.200 

1 hour 


0.216 

1 hour 

' ' . . 

0.211 

1 hour 


0.220 

1 hour 


0.183 

1 hour 


0.312 

2 hours 


0.148 

1 hour 


0.275 

2 hours 


0.174 

1 hour 

r ' v : : 

0.321 

3 hours 


0.138 

1 hour 


0.50 

4 hours 


0.128 

1 hour 


0.780 

8 hours 


0.156 

1 hour 


0.50 

12 hours 


2.065 

12 hours 40 minutes 


1.00 

4 hours 5 minutes 


6.570 


6.584 

5.485 


3.667 
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Table I indicates that practically all of the basic constituents were 
removed from 1 N during the first hour, likewise they were removed from 
sample 2 N, in which case the time interval was different and also a different 
weight of tissue. In case of sample 1 N the ml. of normal acid are prac- 
tically equivalent to the basic constituents. On the other hand in 2 N the 
normal acid is considerably higher than normal base. 

Table II gives the physical and chemical measurements of the above 
.samples. The amperage and temperature were taken at the end of each 
time interval. The E.M.F. was determined by the student potentiometer. 
The pH was taken from tables compiled by Schmidt and Hoagland (14). 


TABLE II 

Physical and chemical measurements of samples 1 N and 2 N 


Amperage 

Initial E. M. E. 

pH 

Time 

Temperature 

IN 

2 N 

IN 

2 N 

IN 

2 N 

IN 

2 N 

IN 

2 N 


i . 





Lours 

Lours 

°C. 

°C. 

0.89 

0.5 

0.97 

0.918 

11.63 

10.72 i 

1.0 

0.25 

47 

30 

0.41 

0.5 

0.857 

0.925 

9.68 

10.85 

1.0 

0.75 

30 

37 

0.20 

! 0.31 

0.475 

0.80 

3.2 

8.74 

1.0 

1.0 

22 

26 

0.09 

i 0.1 

0.559 

0.500 

4.6 

3.66 

1.0 

1.0 

19 

21 ' 

0.06 

j 0.05 

0.545 

0.475 

4.4 

3.24 

1.0 

1.0 

21 

19 

0.02 

1 0.04 

0.534 

0.575 

4.2 

4.93 

1.0 

1.0 

20 

20 

0.01 

! 0.05 

0.496 

0.55 

3.5 

4.51 

1.0 

2.0 

21 

19 

0.06 

0.04 

0.502 

0.52 

3.6 

4.0 

1.0 

2.0 

21.2 

18 

0.04 

0.04 

! 0.505 

0.485 

3.7 

3.41 

1.0 

3.0 

21 

19 


Table II shows that the time interval has considerable effect upon the 
conductivity of the solution as shown by the amperage. 2 N in the first two 
periods has almost one-half the amperage of 1 N, but in each of the other 
periods the amperage is higher. Sample 1 N weighed 163 gm. while sample 
2, N weighed 123 gm. 

Tables III and IY show comparisons for similar data on abnormal tis- 
sue, the wet weight of tissue being the same in each sample. However, in 
1 A, the time interval was varied slightly and the electrode was the same as 
in the other runs, i.e., platinum wire gauze and one trident-shaped three- 
wire platinum electrode. In 2 A both electrodes were trident. 

Table III indicates that the size of the electrode has considerable influ- 
ence on the rate of dialysis, as is indicated by the amperage and quanity of 
titratable acids and bases which were removed from the tissue. Table IV 
gives the physical measurements of the same samples. 

The amperage of 2 A as shown in table IV goes through a gradual in- 
crease to a maximum of 0.6 at the end of two hours and ten minutes, then 


318 


PLANT PHYSIOLOGY 


TABLE III 

Milliliters of acid and base in dialysate at end of each period 


1 A 

2 A 

Time 

Acid 

Base 

Time 

Acid 

Base 

Minutes 

ml. 

ml. 

Minutes 

ml. 

ml. 

20 

0.587 

3.199 

20 

0.376 

1.153 

20 

0.413 

1.914 

20 

0.174 

0.265 

20 

0.358 

1.233 

30 

0.293 

0.945 

SO 

0.661 

1.948 

60 

1.084 

2.894 

30 

0.514 

0.922 

60 

1.046 

1.464 

60 

0.973 

0.980 

120 

1.358 

0.922 

60 

* 

0.034 

240 

1.927 


120 


0.000 

240 

1.239 


240 

1.322 

0.000 

720 

2.193 


240 

1.001 

0.000 




720 

2.130 

!' ' ' . . . 





* Sample lost. 


TABLE IV 

Physical measurements of abnormal series 1 A and 2 A 


Amperage 

Initial E.M.F. 

pH 

Time 

j Temperature 

1 A 

2 A 

1 A 

2 A 

1 A 

2 A 

1 A 

2 A 

1 A 

2 A 







Minutes 

Minutes 

°c. 

°C. 

0.85 

0.4 

0.987 

0.945 

11.9 

11.19 

20 

20 

35 

26 

0.55 

0.25 

0.974 

0.913 

11.67 

10.65 

20 

20 

33 

23 

0.49 

0.30 

0.956 

0.919 

11.37 

10.75 

20 

30 

29 

23 

0.56 

0.60 

1 0.970 

0.970 

11.60 

11.60 

30 

60 

30 

23 

0.41 

0.5 

0.930 

0.939 

10.93 

11.09 

30 

60 

26 

31 

0.45 

0.45 

0.918 

0.928 

30.72 

10.89 

60 

120 

31 

30 

0.36 

0.44 

0.711 

0.587 

7.23 

5.13 

60 

240 

24 

27 

0.18 

0.15 

0.584 

0.621 

5.08 

5.71 

120 

240 

22 

22 

0.13 

0.18 

0.540 

0.598 

4.34 

5.32 

240 

720 

23 

22 

0.10 

0.12 

0.545 


4.42 


240 

1020 

21 

23 

0.20 


0.615 


5.6 


720 


21 



gradually drops to 0.12 at the end of 25 hours and 10 minutes. When a 
platinum gauze is used for the negative electrode the amperage begins at a 
maximum and drops rapidly to the end of the fourth hour, after which 
there is a gradual decrease. 

Table V shows the milliliters of normal acid and base of the dialysate 
from normal apple peels at the end of each period, and the total amount 
removed. Both samples were identical and were treated in the same man- 
ner ; therefore they serve as checks. 
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TABLET 

Milliliters of acid and base in 184.5 grams of normal apple peels 


Time 

, 

3 N 

4 N 

Acid 

Base 

Acid 

Base 

Minutes 

ml. 

ml. 

ml. 

ml. 

20 

0.688 

3.678 

0.523 

2.44 

20 

0.376 

1.616 

0.303 

1.568 

30 

0.597 

1.591 

0.431 

1.648 

60 

0.991 

1.095 

1.092 

1.360 

60 

0.881 

0.075 

0.551 

0.104 

120 

0.927 


0.798 


240 

1.386 


0.918 


240 

0.707 


0.706 


720 

1.377 


1.450 


Total 1510 

7.930 

8.055 

6.772 

7.120 


While there are variations in the above checks, the difference is very insig- 
nificant as compared to the large differences between normal and abnormal 
tissue. Table VI shows the physical measurements of the same tissue. 


TABLE VI 

Physical measurements of normal tissue 


Amperage 

Initial 

E.M.F. 

pH 

Time 

Temperature 

3N 

4 N 

BN 

4N 

3 N 

4 1ST 

3 N 
AND 

4 1ST 

3 N 

4 N 

0.95 

0.75 

0.983 

0.983 

11.83 

11.83 

Minutes 

20 

°C. 

40 

CO o 

to p 

0.65 

0.52 

0.960 

0.974 

11.44 

11.61 

20 

35 

34 

0.55 

0.51 

0.959 

0.973 

11.42 

11.66 

30 

35 

34 

0.40 

0.52 

0.920 

0.949 

10.75 

11.25 

60 

35 

38 

0.30 

0.28 

0.80 

0.836 

8.7 

9.34 

60 

30 

26 

0.24 

0.20 

0.6 

0.512 

5.4 

3.85 

120 

30 

25 

0.21 

0.2 

0.58 

0.568 

5.1 

4.8 

240 

31 

24 

0.07 

0.08 

0.545 

0.525 

4.4 

4.0 

240 

20 

21 

0.05 

0.06 

0.60 

0.595 

5.3 

5.27 

720 

23 

21 


With a few exceptions the above runs check each other rather closely as will 
be brought out in figure 4. 

Table VII and table VIII are the same as the two preceding tables except 
that they are taken from data on the abnormal series. 
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TABLE YII 

Milliliters of acid and base in abnormal tissue 


Time 

3 A 

4 A 

Acid 

Base 

Acid 

Base 

Minutes 

ml. 

ml. 

ml. 

ml. 

20 

1.054 

5.286 

1.084 

5.476 

20 

0.886 

3.661 

0.927 

4.07 

30 

0.763 

1.735 

0.991 

1.85 

60 

1.303 

2.375 

1.119 

1.314 

60 

0.716 

0.069 

0.734 


120 

1.028 


0.835 


240 

1.510 


1.00 


240 

1.060 


0.954 


720 

2.611 


2.395 


Total 1510 

10.940 

13.126 

10.039 

12.710 


The above data indicate that there is a deficiency of acid constituents in 
the abnormal apple peels. 

The physical measurements of the abnormal series 3 A and 4 A are pre- 
sented in table VIII. 


TABLE VIII 

Physical measurements of abnormal apple peels 


Amperage 

Initial E.M.F. 

pH 

Time 

Temperature 






■ j 

3 A 



3 A 

4 A 

3 A 

4 A 

3 A 

4 A 

AND 

3 A 

4 A 







4 A 






t 



Minutes 

° O. 

. ° C. 

1.60 

1.65 

0.998 

0.995 

11.91 

12.03 

20 

45 

52 

1.0 

1.05 

0.977 

0.986 

11.73 

11.88 

20 

40 

54 

oo 

o 

0.7 

0.946 

0.954 

11.20 

11.34 

30 

33 

40 

0.6 

0.51 

0.906 

0.894 

10.52 

10.32 

60 

32 

34.5 

0.25 

0.25 

0.709 

0.643 

7.2 

6.08 

60 

22 

28 

0.2 

0.18 

0.626 

0.600 

5.7 

5.35 

120 

28 

19 

0.14 

0.09 

0.585 

’ 0.646 

5.1 

6.13 

240 

19 

20 

0.08 | 

0.1 

0.549 

0.584 

4.49 

5.08 

240 

19 

25 

0.01 

0.09' 

0.555 

0.591 

4.59 

5.2 

720 

29 

22 


The data in tables V and VII are presented in graphical form in figure 3. 
This figure brings out the fact that abnormal apple peels have a signifi- 
cant difference in the dialysable chemical components as compared with 
normal apple peels. The data in tables VI and VIII are plotted in a similar 
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Fig. 3. Milliliters of N/l acid or base in normal and abnormal apple tissue. 



Fig. 4. Amperage plotted against time — normal and abnormal tissue. 




20 K) ( 70 130 190 310 550 790 1510 

LOG OF TltlE IN MINUTES » 

Fig. 6. Total milliliters of acid and base accumulative in elapsed time. 
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way in figure 4, amperage being plotted arithmetically while time is plotted 
logarithmetically. 

It is interesting to note that the drop in amperage between 130 minutes 
and 190 minutes corresponds to the removal of the titratable bases as shown 
in figure 3; 

Figure 5 shows the initial pH of the basic solution at the end of each 
period of time. It should be noted that the normal tissue reaches a pH of 
7 after approximately 250 minutes of dialysis, while the abnormal tissue 
begins much higher and reaches the neutral point much sooner or in about 
200 minutes. 

Table IX summarizes the data given in tables V and VII. Milliliters of 
acid and base are indicated accumulatively against elapsed time. 


TABLE IX 

Summary of data in tables V and YII 


Time 

3 

N 

4 N 

3 

A 

4 A 

Acid 

Base 

Acid 

Base 

Acid 

Base 

Acid 

Base 

Minutes 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

20 

0.688 

3.678 

0.523 

2.440 

1.054 

5.286 

1.084 

5.476 

40 

1.064 

5.294 

0.826 

4.008 

1.930 

8.947 

2.011 

9.546 

70 

1.606 

6.885 

1.257 

5.656 

2.693 

10.682 

3.022 

11.396 

130 

2.652 

7.980 

2.349 

7.016 

3.996 

13.057 

4.121 

12.710 

190 

3.533 

8.055 

2.900 

7.120 

4.712 

13.126 

4.855 


310 

4.460 


3.698 


5.740 


5.690 


550 

5.846 


4.616 


7.259 


6.690 


790 

6.553 


5.322 


8.319 


7.644 


1510 

7.930 

l' 

j 6.772 


10.930 


10.039 



The above data are presented graphically in figure 6. 


Discussion and summary 

In connection with the cold storage investigation being carried on by the 
Pomology Section of this station, Pentzer (12) advanced the theory that 
Jonathan spot was caused by a loss of acids during storage. The data 
presented above apparently substantiates Pentzer 7 s theory. 

The data reported indicate that eleetrodialysis offers a convenient means 
of studying chemical differences in the non-colloidal constituents of normal 
and abnormal tissue. Quantitative differences which would be masked by 
large quantities of inert material are accentuated by this method of sepa- 
rating those portions which are soluble and chemically active. 

Qualitative analyses on the dialysate indicate that potassium and sodium 
are removed from the tissue during the first hour. The calcium, magnesium, 
iron and aluminum are removed after 130 minutes elapsed time. 

Iowa State College, 

Ames, Iowa. 
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GERMINATION AND- GROWTH OF SEEDS AS DEPENDENT UPON 
SELECTIVE IRRADIATION* 

George M, Higgins and Charles S heard 
(with two figures) 

The present study of the influence of selective irradiation on germination 
and growth of the cucumber seed was not undertaken to determine the cyto- 
loplasmie reactions to the component wave-lengths of light, but rather to 
secure further facts concerning the general response of protoplasm toward 
wave-lengths of known distribution, with especial emphasis on those 
responses incited by wave-lengths at or below the shorter end of the visible 
spectrum. If studies of this sort are to approach the proportions of a 
science, it is essential that the radiation employed throughout the period of 
experimental observation be of a known spectral distribution. Results that 
are attained without due regard for the character of the wave-length em- 
ployed lend but slight value to the final analysis of the responses incited by 
any given component. Accordingly, the observations herein reported con- 
cern the results obtained in the germination and growth of cucumber seeds 
under filters of a known transmission, exposed to ultra-violet radiation for 
given periods of time. The source of the radiation employed was an air- 
cooled mercury-arc lamp 1 operated at TO volts at a distance of 50 cm. The 
lamp was standardized or graded by the method of reaction of the normally 
unexposed skin of the upper arm to various periods of exposure to the radia- 
tion from the lamp at a distance of 45 cm. Three minutes 7 exposure was 
required to give a reaction of grade 2 (permanent erythema). 

Throughout the experimental period of eight days, germination 2 and 
growth of the seeds were observed under the following conditions : Cucum- 
ber seeds were carefully selected and placed on moist blotters in the bottom 
of ten medium-sized flower pots. Two of these were covered with ultra-glass 
(Corning glass, 586 AW), which transmits wave-lengths from approxi- 
mately 390 mp to 320 mp with a maximum of about 370 nip (fig. 1), and 
carefully sealed with adhesive tape. For convenience these pots have been 

* From the Division of Experimental Surgery and Pathology, and the Section on 
Physics, The Mayo Foundation, Rochester, Minnesota. 

1 The lamp used during these observations was made available through the courtesy 
of the Victor X-Ray Corporation. 

2 The term { 1 germination ’ ’ is here used to include the earlier growth up to the first 
appearance of the seedling. 
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designated la and lb. Likewise, two of the pots were covered with a special 
vitaglass (made and marketed by F. E. Lamplongh, M.A., Birmingham, 
England), which transmits all of the visible and the lesser wave-lengths 
down to 270 mp. These pots have been designated XIa and Xlb. Two other 
pots marked Ilia and Illb were covered with ordinary window-glass, which 


glass 2mm 
Ultraglass 

8 mm. 

Al-Mg 

Spat’U. c (air) 


Spectrograms showing the transmission of visible and ultra-violet radiation by 
vitaglass (Lamplough, England), ordinary window-glass, and 
ultra-glass (Corning, 586 AW). 


transmits all the visible as well as the lesser wave-lengths down to 320 mp. 
Pots IVa and IVb remained uncovered during the periods of irradiation, so 
that, in addition to the visible regions these seeds were exposed to wave- 
lengths possibly as low as 190 mp. In the intervals between the periods of 
irradiation these pots were covered with ordinary window-glass to prevent 
evaporation. Pots Va and Vb were not exposed to radiation from the lamp 
but were covered with ordinary window-glass and served as controls 
throughout the experiment. Pots la, Ila, Ilia, IVa, and Va were kept con- 
stantly in a dark; cabinet, except for the daily periods of irradiation, while 
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pots lb, Hb, IHb, IVb, and Yb were kept in ordinary daylight under win- 
dow-glass. Pots la and lb were exposed to the radiation of the quartz mer- 
cury-arc lamp for twenty minutes each day, while Ha, lib, Ilia, Illb, IVa, 
and IVb were exposed to the same radiation for five minutes daily. The 
prolongation of exposure under the ultra-glass was made necessary on ac- 
count of the absorption of energy due to the greater thickness (see fig. 1). 
The temperature of the room and of the dark cabinet remained relatively 
constant during the entire time ; that of the cabinet was slightly lower than 
that of the room. Drops of water were added to the various pots from time 
to time to maintain a relatively constant degree of humidity. 

The experiments here described were repeated five times. Six to ten 
seeds were used in each container during each set of experiments. In the 
table and in the illustration (fig. 2) of length of roots under the filters used, 
we have given sample data which correctly portray the results which were 
found to occur under the experimental conditions cited in at least eighty 
per cent, of the eases. We have excluded the few seeds which, for one 
reason or another, proved to be non-germinating. The experiments were 
conducted during the months of July and August, 1926, and under con- 
ditions of temperature as uniform as possible. The average daily tempera- 
ture was 75° C. dz 10°. Hence, in any completed series or group of experi- 
ments, all seeds were subjected to identical conditions with the one excep- 
tion of the variation in the amount and character of the light received. 

Observations 

Considerable variation in the time of germination of the seeds in the 
various pots indicated very early that light rather than temperature was 
the differential factor involved. Observations and measurements of the 
seedlings were made at the end of the first forty-hour period and at the 
conclusion of each twenty-four-hour period for eight days. Measurements 
were all taken at the time of irradiation, so that no additional exposure to 
daylight was unnecessarily made for this procedure. 

At the end of forty hours, with two twenty-minute exposures to the rays 
of the quartz mercury arc, all seeds in pots la and lb had germinated and 
the average length of the new growths in each pot was 4.5 mm. Thus far 
no difference in the respective rates of growth was evident in the pot kept in 
the dark cabinet and that kept in daylight; but it was strikingly evident 
that the lesser wave-lengths of these initial exposures, transmitted by the 
ultra-glass, were sufficient to hasten the time and accelerate the rate of 
germination. 

In pots Ila and lib, covered with vitaglass which transmits the visible 
as well as the shorter wave-lengths down to 270 mp, a difference in the rate 
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TABLE I 

Length in millimeters of seedlings grown under varying experimental conditions 


Elapsed 


[ 

II 

III 

IV 


Ultra- 

Vita- 

Ordinary 

; Direct 

1 

_ 

TIME 

glass 

glass 

glass 

j irradiation 

Control 


(A) 

Dark 

(B) 

Light 

<A) 

Dark 

(B) 

Light 

(a) 

Bark 

(B) 

Light 

(A) 

Dark 

(B) 

Light 

(A) 

Dark 

T « 

Light 

Hours 

40 

mm. 

4 

mm. 

4 

mm. 

3 

mm. 

1 

mm. 

2 

mm. 

0 

mm. 

3 

mm. 

0 

mm. 

0 

mm. 

0 

64 

14 

14 

10 

6 

9 

0 

7 

1 

9 

o 

88 

36 

24 

27 

14 

23 

1 

19 . 

5 

28 

2 

112 

54 

30 

42 

20 

35 

2 

30 

8 

52 

6 

136 

65 

37 

47 

25 

44 

3 

31 

5 

63 

8 

184 

70 

40 

55 

25 

60 

3 

31 ! 

5 

82 ! 

6 


. * > ° tS 1 , (A > ai,d 1 < B ) were ex P° sed to the radiation of the mercury quartz lamp for twenty 
minutes each day. Pots II (A) to IV (B) inclusive were irradiated by the same source for five 
minutes daily. 

Ultra-glass (Corning 586 AW) transmits from 390 to 320 mu with a maximum at 370 am 
Vitaglass (Lamplough) transmits to 270 mp; ordinary glass to 320 mp. M " 

of germination of the seeds was strikingly evident. Those seeds exposed to 
two five-minute periods of irradiation, and kept in the dark cabinet, had 
attained an average growth of 3 mm.; while those similarly exposed, but 
kept m the light, were but 1 mm. long. Here it would seem that the inhibi- 
tive effect evidenced in the growth of seeds in pot Hb may be due to the 
greater wave-lengths to which the seeds were constantly exposed. Although 
t e vitaglass transmits more of the lesser wave-lengths than the ultra-glass 
the shortness of the periods of exposure to the lamp, and thus to the visible 
light as well, was sufficient to counteract the added stimulative effect of the 
rays below 300 mp. Then, too, the lethal effect of lesser wave-lengths may 
have been sufficient to have induced coagulation and impeded normal 
germination. 

A similar difference in the extent of the growth of the seedlings was evi- 
dent in pots Ilia and Illb. The average new growth of those seeds, covered 
by ordinary glass which transmits the visible and lesser wave-lengths down 
o 320 mp and exposed to two five-minute periods of irradiation but kept 
otherwise in the dark, was 2 mm. On the other hand, those seeds similarly 
exposed, but kept constantly in the daylight under window glass, had not as 
yet shown signs of germination. This growth of 2 mm. of the seeds in pot 
Ila does not equal that of the seeds grown under the ultra-glass, in which 
case there is an exclusion of all wave-lengths greater than 390 mp, with a 
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transmission of a limited region of radiant energy (390 mp to 320 mp) in 
the near-ultraviolet region. In the case of the seeds in pot Illb, where 
germination had not occurred, it is probably true that such stimulative 
action as may have been induced by wave-lengths- as low as 320 mp was in 
some way inhibited or counteracted by those of the visible spectrum to which 
the seeds were constantly exposed. 

This interpretation is rendered only the more imperative by the evidence 
gained from seedlings grown in pots IVa and IVb. In these cases, the rays 
of the mercury-arc lamp were allowed to play directly on the seeds, differing 
thus from Ilia and Illb in the absence of any filter. In the intervals be- 
tween the direct exposures to the lamp, these pots were covered by ordinary 
glass and kept in their respective light and dark environments. The average 
growth of the seeds so exposed for two five-minute periods, and kept in the 
dark, was 3 mm. ; while those kept in ordinary daylight showed no evidence 
of germination. Here, again, it would appear that the stimulative effect of 
the lesser wave-lengths of the lamp had incited a growth equal to that 
attained under the vitaglass when kept in the dark. On the other hand, such 
stimulative action as may have been induced by the periods of exposure was 
rendered ineffectual by the continued exposure to the greater wave-lengths 
of daylight. The difference in the growth of the seedlings attained under 
the vitaglass and the ordinary glass, when kept in daylight, may be explained 
on the basis that the vitaglass was constantly transmitting certain of the 
stimulative wave-lengths, while ordinary glass is impervious to those below 
320 m p. 

At the conclusion of this first forty-hour period, there was no evidence 
of germination of any of the seeds either in pots Ya or Vb, to which the rays 
of the mercury-arc lamp had never been applied. 

On the basis of these observations certain facts seem evident. The lesser 
wave-lengths are stimulative and accelerate the rate and time of germina- 
tion, while the greater wave-lengths are inhibitive and seem to render in- 
effective the action of the violet and ultra-violet rays. Germination is either 
induced by the action of the light or by a temperature factor which is acces- 
sory to such experiments wherever an air-cooled lamp is employed. Subse- 
quent growth of these seedlings must lead one to conclude that light-rays 
are in all probability the more inciting factors. 

At the conclusion of the ensuing twenty-four-hour period, or sixty- four 
hours of experimental procedure, with three periods of exposure to the 
lamp’s rays, further changes in the rate of germination and growth were 
evident. No appreciable difference in the rate of growth of the seedlings 
has yet occurred in those pots covered with the ultra-glass and kept in the 
dark and in the light. In pots la and lb the average length of the seedling 
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was 14 mm., so that wave-lengths up to 400 mp which are transmitted by the 
ultra-glass in daylight were not sufficiently inhibitive to counteract the 
stimulative effect of the ultra-violet rays during the early growth. In pots 
Ha and lib, in which the seedlings were exposed to wave-lengths as low as 
270 mp for five minutes each day, the growth of those kept in the dark had 
exceeded by 60 per cent, that of the seedlings exposed to the greater wave- 
lengths of daylight. Likewise, those seedlings in pot Ilia, irradiated 
through window-glass which is impervious to rays shorter than 320 mp, had 
attained a growth only slightly less than that attained by the seedlings in 
IXa in which the wave-lengths as short as 270 mp were effective. On the 
other hand, none of the seeds in pot Illb as yet showed any signs of germi- 
nation, a further evidence of the counteractive effect of the visible light, 
which had rendered ineffectual whatever energy had been received by the 
seeds during the periods of irradiation. Again, in pots IVa and IVb, the 
same differences in growth just considered for the seedlings in pots Ilia and 
Illb obtained. The average growth attained in IVa was 7 mm. as opposed 
to an average growth of 1 mm. in IVb. The growth in IVb in contrast to 
the failure of germination of the seeds in Illb is to be expected, since in the 
former case the seeds were directly exposed to irradiation, more of the 
shorter rays being thus made effectual, and a degree of energy secured that 
was not entirely offset in its effects by the longer rays of the visible to which 
the seeds were constantly exposed. 

The end of this sixty-four-hour period showed most strikingly differences 
in the rates of germination and growth of the seedlings in pots Va and Vb, 
the normal controls. With no evidence of germination at the end of forty 
hours, growth of the seeds in the control pot in the dark had been so rapid 
as to produce a seedling at this time equal to those grown in pot Ilia, 9 mm. 
long. All the seeds in pot Vb, the normal control kept in the light, still 
failed to show signs of germination. The facility with which seeds germi- 
nate in the dark is a commonplace observation, and as common is the fact 
that daylight hinders germination. These observations would seem to point 
to the conclusion that the energy requisite for germination may be a deriva- 
tive of the lesser wave-lengths, although no evidence is at present available 
as to what effect the infra-red may have. In the case of the seeds of pot Va, 
energy previously stored in the seed by solar irradiation was sufficient to 
induce germination when unhampered by visible light ; but the added energy 
distributed to the seeds by the exposure to the radiation of the lamp served 
to increase the normal energy and to accentuate the time and rate of 
germination. 

A greater difference in the germination and growth of the various seed- 
lings was observed at the end of eighty-eight hours (fig. 2) . During the last 
twenty-four hours seedlings grown under the ultra-glass, transmitting wave- 
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Fig. 2. The extent of growth of the cucumber seed after eighty-eight hours: (1) 
irradiation of the seed through ultra-glass, seed kept in the dark; (2) irradiation of seed 
through ultra-glass, seed kept in the light; (3) irradiation of the seed through ordinary 
glass, seed kept in the dark; (4) irradiation of the seed through ordinary glass, seed kept 
in the light; (5) irradiation of the seed through vitaglass, seed kept in the dark; (6) 
irradiation of the seed through vitaglass, seed kept in the light; (7) direct irradiation of' 
the seed, otherwise kept in the dark; (8) direct irradiation of the seed, otherwise kept in 
the light; (9) normal seedling kept under window-glass in the dark, and (10) normal 
seedling, kept under window-glass in the light. 

lengths of 320 to 390 mq and kept in the dark, had attained an average 
length of 36 mm., 50 per cent, more than those kept under ultra-glass in 
daylight. Likewise seedlings covered by vitaglass which transmits wave- 
lengths down to 270 mp had attained twice the growth in the dark that they 
had in the light. Although, here, the percentage of the lesser wave-lengths 
transmitted exceeded that of the ultra-glass, yet the inhibiting influence of 
the visible together with a possible coagulation by the lethal rays would 
appear to minimize the stimulative effect of the optimal region of lesser 
wave-length. The seeds within pot Illb, irradiated for five minutes each 
day through window-glass, and kept in daylight, had a growth of 1 mm.,, 
while those in pot IVb, irradiated directly for the same period of time, and 
kept equally moist, had attained an average growth of 5 mm. Seedlings in 
pots Ilia and IVa, kept in the dark except for the five minutes of irradia- 
tion, attained a growth of 23 mm. and 19 mm. respectively, only slightly less 
than the seedlings grown under ultra-glass and vitaglass. Direct irradiation 
would appear to produce a lethal effect, for the growth in IVa did not quite 
equal that in Ilia. Then, too, growth of the seedlings in Ilia did not quite 
equal that of seedlings in Ha, in which the percentage of transmission of 
the optimal stimulative wave-lengths was greater. 

In the normal control pots, Va and Vb, a conspicuous difference was 
apparent. Those seedlings kept constantly in the dark had attained an 
average length of 28 mm., while those kept constantly in daylight and under 
ordinary glass had attained at the end of eighty-eight hours a growth of 
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but 2 mm. In this case, the seedlings of the dark cabinet exceeded in length 
all others except those grown under the ultra-glass. If germination and 
growth are functions of the lesser wave-lengths, as they appear to be, we 
should expect the growth in pot Ilia, subjected to the ultra-violet irradia- 
tion, to exceed that in pot Va. Except for the brief periods of irradiation all 
conditions were identical. There is, however, a difference of 5 mm. in growth 
between seedlings grown under identical conditions except for this single 
variable factor. It is true that seedlings in Ilia received wave-lengths as 
low as 320 mp during irradiation, but they were exposed to the visible light 
for a similar periods And it may be that such exposure was sufficient not 
only to inhibit the stimulative effects of the shorter rays, but to minimize as 
well the latent capacity for growth normally stored within a seed. The 
seeds in Va, given no stimulative exposures, and at the same time kept con- 
stantly from the visible rays, were slow in germinating ; but the latent stored 
energy, undisturbed by the antagonistic effects of stimulators and inhibitors, 
could slowly but gradually come into expression. 

Measurements taken at tjie end of each ensuing twenty-four-hour period 
for eight days showed that in each experimental condition those seedlings 
grown in the dark exceeded in length those similarly grown in the light. At 
the conclusion of the period of observation the greatest difference in the 
length of the seedling, when the light factor was the only variable, occurred 
in pots Ilia and Illb. Here seedlings kept in daylight attained a growth 
only 5 per cent, of that reached by the seedlings kept in darkness; yet the 
exposure to the lamp was identical. In the case of those seedlings exposed 
to direct irradiation by the lamp and kept under ordinary glass, the growth 
of those kept in the light was only 15 per cent, of that attained by those kept 
in the dark. Of the controls, those kept in the light were 7 per cent, as long 
as those kept constantly in the dark. In the cases of the special filters, those 
seedlings grown under ultra-glass and kept in daylight were 57 per cent, of 
the length of those in the dark cabinet ; while those under vitaglass and in 
daylight were 45 per cent, as long as those maintained in darkness. 

Discussion 

The attempt has been made to study the effect of wave-length on the 
germination and growth of the cucumber seed. Previously it has been shown 
that the lesser wave-lengths produce a stimulative effect on protoplasm. In 
studies on the hatching and growth of Rana? we have shown that the violet 
and the ultra-violet spectral regions hasten the normal embryologic stages 
and that certain portions of greater metabolic activity respond more acutely 

3 Higgins, George M., and Sheard, Charles. Effects of ultra-violet radiation on 
the early larval development of Eana pipiens. Jour. Exper. Zool. 40: 333-348. 1926. 
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to the irradiation. The present experiments on germination have produced 
results that correspond with more or less exactness to those on the Am- 
phibian ova. In studies on hatchability of the ova the spectral regions 
employed during the irradiation were not as closely delineated as in these 
observations on the germinating seeds. In these recent studies filters have 
been employed to restrict the percentage of wave-length transmission to 
known regions and thus to establish the influence of selective radiation. 

On the basis of the observations and measurements recorded, all other 
conditions such as temperature and moisture being equal, it is evident that 
germination and growth are accentuated by radiation in the “near’* -ultra- 
violet region (approximately 400 mp to 300 mp). The seeds first to germi- 
nate were those exposed to rays transmitted by the ultra-glass filter. Those 
seeds within the normal control pot, which was kept constantly in the dark 
and thus subject to the same conditions, did not germinate until twenty- 
four hours later. Temperature was not a factor, for the ultra-glass em- 
ployed did not transmit wave-lengths in excess of 400 mp, and thus we 
must conclude that the germination was induced by the lesser wave-lengths. 
In the case of the seeds grown under vitaglass, which transmits 1 wave- 
lengths as short as 270 mp, seedlings were never as long at corresponding 
periods of time as those grown under the ultra-glass. Here, the percentage 
of transmission of the lesser wave-lengths is greater; but the somewhat 
lessened growth attained by the seedlings is due perhaps to two factors. 
Wave-lengths as low as 290 mp and lower are known to be definitely lethal, 
and it is probably true that to a certain extent incipient coagulation induced 
by the exposure to the lethal rays had impeded germination. Likewise, 
visible light apparently serves to inhibit normal germination. So that in 
the case of the vitaglass the lessened growth may be due to the inhibiting 
effect of the visible light or the lethal effect of the lesser wave-lengths. 

The radiation from the quartz mercury arc transmitted by window-glass 
(as short as 320 mp) seems to inhibit germination of seeds when they are 
subsequently exposed to solar radiation transmitted through window-glass'. 
In darkness, however, the resident energy within the seed is augmented by 
such irradiation, so that germination occurs much more rapidly than it does 
in a similar seed unexposed to the rays of the lamp. Eepeated exposures 
to radiation from the mercury lamp as short as 320 mp serve to increase 
the rate of growth of the seedling, so that on the seventh day of experi- 
mental observation such seedlings exceeded in length those grown under 
the vitaglass. Here again, it would seem that the lethal effect of the lesser 
wave-lengths, which were filtered out by the ordinary glass and transmitted 
by the vitaglass, was the causal differential factor. 

Direct exposures to the rays of the mercury-arc lamp are not ultimately 
beneficial. Germination, however, is accelerated, and as is to be expected, 
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a growth is attained, during the first forty hours, equal to that of seedlings 
under the vitaglass. Subsequent exposure to the direct rays, carrying with 
it the added lethal effect, is disastrous, for the rate at the end of the second 
period had decreased and the seedling had attained its maximal growth on 
the fourth day. Similar conditions obtain for seedlings directly irradiated 
and kept in the light. Germination occurred sooner than in the normal 
control group, and the seedling reached its maximal growth on the fourth 
day. The extent of growth of these seedlings, irradiated directly and kept 
in the light, is somewhat difficult to understand. A maximal growth of 
8 mm. was attained on the fourth day, in contrast to a maximal growth of 
3 mm. attained on the fifth day from those seeds irradiated through ordinary 
glass. The percentage of stimulating wave-lengths falling on the seeds was 
greater in the former case, and, at the same time, these seeds were irradiated 
with wave-lengths definitely lethal in character. One must conclude that 
the lethal effect was more than balanced by the stimulative effect of the 
optimal wave-lengths. 

The normal control seedlings in the dark attained the greatest growth 
during the period of observation. Germination was somewhat retarded, 
however, and did not take place until the second period. Subsequent 
growth nevertheless was exceedingly rapid and during the third period the 
length exceeded that under the vitaglass, with its daily exposures to the 
stimulative rays. During the sixth period of observation, the length of 
the control seedling in the dark reached and surpassed that of those grown 
under the ultra-glass, thus exceeding in extent all other seedlings grown 
during the experiment. The control seeds in the light did not germinate 
until the fourth day and attained a maximal length of 8 mm. during the 
sixth day, exceeding by 5 mm. the maximal growth of seeds irradiated 
through ordinary glass and kept in the light. In other words, seedlings 
appear to thrive better when kept in daylight, if they are not exposed to 
brief periods of irradiation by the mercury lamp. When irradiated through 
window-glass, rays as short as 320 mp are transmitted; but these may be 
rendered ineffectual by the long waves of the lamp which appear to be even 
more inhibitory than the visible radiations of daylight as transmitted by 
ordinary window-glass. 

Conclusions 

1. Selective irradiation of the cucumber seed modifies the time of its 
germination and rate of its subsequent growth. 

2. Lesser wave-lengths in general appear to stimulate, while the greater 
wave-lengths inhibit germination. 

3. Wave-lengths ranging from about 320 m p to 390 mp seem particu- 
larly effective in inducing growth. 
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4. Wave-lengths of 270 mp to 320 nip appear to be inhibitory in their 
action, delay the time and lessen the rate of growth, probably by reason of 
changes which, carried to their extreme, eventuate in coagulation of the 
seed albumin. 

5. Some of the energy emitted by the lamp and absorbed by the seed 
may be rendered ineffective by subsequent exposure of the seed to the 
visible and near infra-red regions of interior daylight. 

6. Certain wave-lengths of radiant energy are more potent in germina- 
tion than temperature. With a constant temperature, germination and 
growth in the dark greatly exceed those in daylight as transmitted by 
ordinary window-glass. 

7. A certain amount of energy, apparently produced under the action 
of lesser wave-lengths of sunlight, is normally stored up within seeds. 
Under proper conditions of light and moisture this energy induces ger- 
mination. 

8. Lesser wave-lengths of light act as stimulative agents which modify 
the control of endogenous processes and accelerate germination, while sub- 
sequent growth and development of the plant is doubtless a function of the 
visible or infra-red wave-lengths. 

Section on Physics and Biophysical Research and Division of Experimental 
Surgery and Pathology, 

Mayo Clinic and the Mayo Foundation, 

Rochester, Minnesota. 



LENGTH OF LIFE OF SEED-PIECE ROOTS OF SUGAR CANE AND 
PROGRESS OF THE ROOTS IN THE SOIL AT 
DIFFERENT AGES OF GROWTH 

Ii . Atherton Lee and D . M. Weller 
(with four figures) 

Introduction 

In a previous paper 1 a method of determining quantitatively the distri- 
bution in the soil of the roots of sugar cane has been described, and the 
results of field studies showing such distribution have been presented. Fur- 
ther studies have been made since this previous publication which are 
recorded in the present paper. 

As is perhaps commonly known, sugar cane is propagated on a planta- 
tion scale by vegetative cuttings called seed pieces. A seed piece of sugar 
cane, when it is first planted, puts out roots from the root bands at its nodes 
at the same time that its eyes or buds germinate. Each eye grows into an 
aerial shoot but it is some time before such an aerial shoot forms its own 
nodal roots. During this period such an aerial shoot obtains its nutrients 
from the vegetative seed piece and through the seed piece from the seed- 
piece roots. By referring to fig. 1, this can be more readily understood. 

The bud of the cane cutting germinates to form an aerial shoot and at 
the same time the root eyes of the cutting germinate to form roots. The 
aerial shoot does not form its own roots until it has formed its first cane 
node and then produces roots from the root band at the node. Until these 
nodal roots of the stalk are formed, the cane plant functions on nutrients 
from the seed piece and from the seed-piece roots through the seed piece. 
Plant A, one month old, shows seed-piece roots formed almost exclusively, 
while Plant B, three months old, shows stalk roots preponderating over seed- 
piece roots. 

The experiments recorded here show the period in the life of normal 
young cane plants during which these seed-piece roots function, and the 
period at which the new cane plant puts out its own nodal roots and func- 
tions independently of the seed piece and its roots. The downward prog- 
ress of the roots into the different levels of soil is also shown from these 
studies. 

i Lee, H. Atherton. The distribution of the roots of sugar cane in the soil in the 
Hawaiian Islands. Plant Physiol. 1: 363-378. 1926. 
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Fig. 1 . The method of formation of roots in the early stages of the cane in the 

experiments. 

Methods of study 

Fifteen root-study boxes having the removable sides and horizontally 
placed wire netting, as previously described ( loc . cit.), were planted each 
with one seed piece of the variety H 109. These seed pieces were selected 
for uniformity of length of internodes, diameter, and position on the stalk. 
Each seed piece consisted of three nodes with their accompanying three buds 
or eyes ; of these three eyes, the two at the extremities were excised, leaving 
only one bud, or eye, to germinate for each seed piece. At time intervals 
of one month three of the boxes were taken in consecutive order, according 
to their position, the sides removed and the soil washed away from the roots 
of the cane in each box. The roots of the cane were thus left in correct posi- 
tion suspended on the wire netting. 

At different levels in depth in the soil, beginning at the bottom and work- 
ing upwards, the roots were cut off ; thus all the roots below the 24-ineh level 
were first cut off and collected. Next the roots between 16 and 24 inches in 
depth were cut at the 16-inch level, and collected ; the roots between 8 and 
16 inches in depth were next collected and finally the roots between the soil 


LEE AND WELLER — ROOTS OF SUGAR CANE 


339 


TABLE I 

Weights of roots from aerial shoots as compared with weights of seed-piece roots 
OF variety H-109 at different periods of growth 
Average weights from three plants of each age 


Levels in 

DEPTH 

Cane 1 month old 

Aerial- shoot roots 

Seed-piece roots 

Total both 
classes of 
roots 


gm. 

Per cent. 

gm. 

Per cent. 

gm. 

Topmost 8 indies 

0.036 

4.0 

1.094 

96.0 

1.130 

8 to 16 inches 

0.00 

0.0 

0.162 

100.0 

0.162 

16 to 24 inches 

0.00 

0.0 

0.025 

100.0 

0.025 

24 inches downward 

0.00 

0.0 

0.003 

100.0 

0.003 

Totals 

0.036 


1.284 


1.320 

Percentages of class 






in total 


2.7 


97.3 



Cane 2 months old 


Topmost 8 inches 

gm. 

9.58 

2.66 

0.94 

0.33 

Per cent. 
72.5 

88.3 

100.0 

100.0 

gm. 

3.62 

0.35 

0.00 

0.00 

Per cent. 
27.5 

11.7 

0.0 

0.0 

gm. 

13.20 

3.01 

0.94 

0.33 

16 to 24 inf’hes 

24 inches downward 

Totals 

13.51 


3.97 


17.48 

Percentages of class 
in total 


77.3 


22.7 



Cane 3 months old 



gm. 

Per cent. 

gm. 

Per cent. 

gm. 

Topmost 8 inches 

96.75 

98.2 

1.77 

1.8 

98.52 

8 to 16 inches 

29.63 

100.0 

0.00 

0.0 

29.63 

16 to 24 inches 

14.11 

100.0 

0.00 

0.0 

14.11 

24 inches downward 

9.27 

100.0 

0.00 

0.0 

9.27 

Totals 

149.76 


1.77 


151.53 

Percentages of class 






in total 


98.8 


1.2 



Cane 4 months old 


Topmost 8 inches 

8 to 16 inches. 

16 to 24 inches 

24 inches downward 

gm. 

150.2 

48.6 

27.0 

24.0 

Per cent. 
99.3 
100.0 
100.0 
100.0 

gm. 

1.0 

0.0 

0.0 

0.0 

Per cent. 
0.7 

0.0 

0.0 

0.0 

gm. 

151.2 

48.6 

27.0 

24.0 

Totals 

249.8 


1.0 


250.8 

Percentages of class 
in total 


99.6 


0.4 
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TABLE I ( Concluded ) 
Cane 5 months old 


Levels in 

DEPTH 

Aerial-shoot roots 

Seed-piece roots 

Total both 

CLASSES OP 

ROOTS 


gm. 

Per cent. 

gm. 

Percent. 

gm. 

Topmost 8 inches 

229.0 

99.7 

0.6 

0.3 

229.6 

8 to 16 inches 

61.2 

100.0 

0.0 

0.0 

61.2 

16 to 24 inches 

25.4 

100.0 

0.0 

0.0 

25.4 

24 inches downward 

17.4 

100.0 

0.0 

0.0 

17.4 

Totals 

333.0 


0.6 


333.6 

Percentages of class 






in total 


99.8 

r 

0.2 



surface and the 8-inch level. In collecting these roots, those which emanated 
from the seed piece were carefully separated from the roots originating from 
the nodes of the aerial shoot or stalk. The separate root collections were 
then washed more carefully to remove all traces of soil, oven-dried and 
weighed. 

The relation of seed-piece roots to nodal roots of the stalk 

Table I shows the weights of the seed-piece roots as compared to the 
weights of the nodal roots of the cane stalks. 

The results recorded in table I show that the cane plant functions 
entirely by the use of the roots from the seed piece for one month ; at the 
end of one month 97.3 per cent, of the total roots originated from the seed 
pieces while only 2.7 per cent, of the roots originated from the stalks of the 
aerial shoots. At the end of two months the situation had changed consid- 
erably, only 22.7 per cent, of the roots having arisen from the seed piece 
as compared with 77.3 per cent, of the roots from the stalks of the aerial 
shoots. At the end of the third month the situation was completely re- 
versed, with only 1.2 per cent, of the roots emanating from the seed piece 
and 98.8 from the stalks of the aerial shoots. Thereafter the roots from 
the seed piece constituted but a negligible proportion of the total roots. 
The relation of the weights of seed-piece roots to the weights of aerial-shoot 
roots at different ages of growth is shown graphically in fig. 2. 

It is of interest that this change in the proportion of nodal stalk roots 
to seed-piece roots was not due alone to the increased weight of the nodal 
stalk roots; after the second month the seed-piece roots did not increase hut 
actually decreased in weight. At the end of the fifth month the seed-piece 
roots weighed but 0.6 gm. as compared to 333 gm. of nodal stalk roots, 
amounting to but 0.2 per cent, of the total roots. Since the seed-piece roots 
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are not true seminal roots, there is no correlation, nor would any be neces- 
sarily expected, between the persistence of the seminal roots of cereal crop 
plants such as wheat as developed by Krassovsky/ and the length of life of 
roots from these vegetative cuttings of sugar cane. 

Therefore under normal conditions apparently the seed-piece roots alone 
furnish the nutrients for the aerial shoot for the first month. After the 
first month and to the end of the second month there is a transition period 
during which the burden of supplying nutrients shifts from the seed-piece 
roots to the nodal stalk roots. At the end of the third month and thereof ter 
the burden of supplying nutrients rests almost entirely on the nodal stalk 
roots since the seed-piece roots have disappeared. 

Discussion 

It has been argued from these data that fertilizers should not. be applied 
to the cane until the stalk puts out its own roots, and that fertilizers applied 
to seed-piece roots will only* stimulate roots which will very shortly die and 
roots will be built up which will be wasted. More careful analysis indicates 
that there are reasons for early applications of fertilizers which outweigh 
the foregoing considerations. The aerial shoot cannot form its own roots 
until it has formed at least one node and the accompanying root band at 
that node. Thus fertilizers applied early will stimulate the formation of 
the first node on the aerial shoot and hasten the formation of the first nodal 
roots. That part of the fertilizer which is not used by the seed-piece roots 
will remain for utilization by the aerial-shoot roots. That part of the fer- 
tilizer used in the formation of the seed-piece roots will not be lost but on 
the decay of the seed-piece roots will be returned to the soil. One would 
expect therefore that experiments with nitrogen and potash as well as 
phosphoric acid, in the furrow, would possibly yield interesting results. 

In connection with root-rot studies there is an important conclusion to 
be drawn, that one should discriminate between rots of the seed-piece roots 
after the first month of growth, and rots of the roots from the cane stalk; 
the decomposition of the former would seem to be a more or less natural 
feature of the life processes of the cane plant while, of course, rots in the 
stele of the roots of the cane stalk would be decidedly abnormal. 

The progress in growth of the roots at different ages 

In addition to the data showing the comparative weights and propor- 
tions of seed-piece roots and stalk roots, data were obtained showing the 
development of roots of both classes in the different levels in depth in the 
soil at different ages of the cane. These data are recorded in table II. 

2 Krassovsky, Irjene. Physiological activity of the seminal and nodal roots of 
crop plants. Soil Science 21: 307-322. 1926. 
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Can© Cane Can© Cane Cane Cane 

Planted 1 Month Old Z Months Old 3 Months Old 4 Months Old 5 Months Old 

Fig. 4. The percentages of roots of plants of H 109 at different levels in depth in the soils 


at different ages up to 5 months from planting. 

The figures in table II show the combined weights of both seed-piece 
roots and the roots formed at the nodes of the aerial shoot; the weights, 
given in grams, are the averages of three plants of each age. 

Examining first the figures showing weights, the results indicate what 
would naturally be expected, that the root weights' increased with age, and 
that the upper levels of the soil were first penetrated and then successively 
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the lower levels. The weights of the roots in the different levels in depth at 
the different ages in growth are shown graphically in fig. 3. 

The figures concerning percentages of roots are fully as important as 
the figures for root weights, for in, the application of fertilizers and irriga- 
tion water, one wishes to place such applications where the largest propor- 
tion of the roots exist, and total weights are not as relevant in such questions 
as are the percentages of roots. If one now refers to the percentages of 
roots in the different levels in depth in the soil as shown in table II, it can 
be seen that starting with 85 per cent, of the roots at the end of the first 
month the proportions of the roots in the topmost 8 inches of soil gradually 
decreased until at out 60 per cent . of the roots were found in this level; the 
curve of the decrease then leveled off and it is expected that the plants main- 
tain somewhere between 55 and 70 per cent, of their roots in this stratum 
until maturity, at least the results of field root studies (loc. cit .) support 
such a view. At the same time the percentages of the roots in the lower 
strata increased to a given proportion and the curve of increase then ap'- 
pearedto level off giving a more or less fixed proportion of the roots through 
to maturity. The graph shown in fig. 4 illustrates this approach to fixed 
proportions of root quantities in the different levels in the soil, after the 
first few months of growth. 

Discussion 

It seems to us established from these studies , supported by the field 
studies previously reported, that water and nutrients, to reach the greatest 
proportion of roots, should be directed towards the uppermost 16 inches of 
soil where more than 75 per cent, of the roots usually exist. That tillage 
and cultivation also need only be shallow seems to us not entirely war- 
ranted. As a result of observations during this work on roots we have 
come to the opinion that, given optimum moisture and nutrients, the out- 
standing factor for formation of the important secondary roots with their 
large proportion of feeding surfaces is soil aeration. We do not have quan- 
titative data to support this opinion ; our view T s are based upon field obser- 
vations only and we present these views as opinion only. If this opinion is 
correct then deep tillage and organic matter would improve aeration and 
such improved aeration would increase the feeding surfaces of the roots, 
thus indirectly increasing cane tonnage. This suggests the desirability of 
field experiments to test root formation and cane tonnage with increased 
soil aeration as compared with control conditions. 

Summary 

1. Based on root weights, a normal sugar cane plant obtains its 
nutrients during the first month of growth from the seed piece and through 
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the seed piece from the seed-piece roots. At the end of one month seed- 
piece roots averaged 97.3 per cent, of the total roots of the plant, and roots 
from the new aerial shoot or stalk only 2.7 per cent, of the total. 

2. At the end of the second month the seed-piece roots constituted only 
22.7 per cent, of the total roots, while roots from the new aerial shoots con- 
stituted 77.3 per cent, of the total. At the end of the third month but 1.2 
per cent, of the total roots were seed-piece roots and 98.8 per cent, of the 
roots were given off from the aerial shoot or stalk. After this period the 
seed-piece roots continued to reduce in weight and constituted a negligible 
proportion of the total roots. 

3. A comparison of root weights at different levels in depth in the 
soil at different periods of growth showed that the quantity of roots in the 
upper levels of soil increased with the age of the plants; but, while the 
uppermost roots in the first month of growth constituted fully 85 per cent, 
of the total roots, yet this percentage gradually decreased during the fol- 
lowing month of growth, until only 50 to 75 per cent, of the roots existed 
in the topmost 8 inches of soil. From that time on, the proportion of roots 
in the topmost levels of soil became more or less constant. 

4. The results presented here suggest further experiments and also 
give us new points of view in interpreting the results of experimental work 
dealing with various agricultural practices. There are a number of obvious 
applications of these results to tillage, cultivation and fertilizer practices. 

Experiment Station, 

Hawaiian Sugar Planters ' Association, 

Honolulu, Hawaii. 



FACTORS AFFECTING THE COMPOSITION OF DATES 
M. T. Fattah and W . V. Ceuess 

It is of interest to know whether the composition of the more important 
commercially grown varieties of dates is affected by the variety and locality 
where grown and what important changes occur during the ripening process. 
In some localities, as in Mesopotamia and North Africa, dates mature com- 
pletely on the trees; in others, because of lack of sufficient heat units during 
the ripening season, artificial ripening or “ processing ’ 9 is required. Some 
varieties if allowed to ripen completely on the tree “mummify” and are 
best if picked slightly unripe and artificially ripened after removal from 
the tree. 

Moisture, total sugars and tannin were taken in our studies as the prin- 
cipal indices of maturity and quality of the dates used. 

Effect of locality 

Dates are grown in many tropical and sub-tropical countries, among 
them California and Mesopotamia, the two districts compared in our 
studies . 1 Growing conditions in these two regions differ considerably. 
Supposedly mature dates from the two regions were analyzed for moisture, 
sucrose, reducing sugars and tannin. Some of the data are given in table I. 

The Mesopotamian dates were consistently higher in total sugars than 
were the same varieties grown in California. This possibly means that the 
dates grown in Mesopotamia ripened fully on the trees, whereas in Califor- 
nia, where the heat units during the growing season are said to be somewhat 
less, the fruit did not reach full maturity or was harvested somewhat sooner 
than in Mesopotamia in order to reach the market early. 

Sugar was determined by the Shaffer-Hartmann 2 volumetric method. 
Tannin 3 was determined by titration with dilute standard KMnO*, using 
indigo carmine indicator. 

Effect of maturity 

Our studies on this phase of the problem were limited to a rather narrow 
range of maturity, from what might be termed “commercially green” to 

1 Samples of dates were kindly supplied by the Tropical Date Garden and the 
IT. S’. Dept, of Agr. Date Garden, of California, and by Fattah and Sons, of Bagdad, 
Mesopotamia. 

2 Shaffer, P. A., and Hartmann, A. F. The iodometric determination of copper 

and its use in sugar analysis. Jour. Biol. Chem. 45: 349-390. 1921. 

3 See Official and tentative methods. Assoc. Official Agr. Chemists, 2nd ed., p. 367. 
1925. 
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TABLE I 


Moisture, sucrose, reducing sugars and tannin in flesh of dates from Mesopotamia 

and California 

Percentage expressed on dry weight basis 


Sample 

Moisture 

content 

Reducing 

SUGARS 

Sucrose 

Total 
sugars as 

INVERT 

SUGAR 

Tannin 

Kadrawi, Besia, 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Mesopotamia 

Kadrawi, IT. S. Date 

1B.9 

74.20 

0.00 

■ 

74.20 

0.00 

Garden, Calif 

Kadrawi, Tropical 

15.4 

72.12 

1.25 

73.43 

0:02 

Date Garden, Calif. 
Khustawi, Bagdad, 

31.6 

70.63 

2.36 

73.11 

0.05 

Mesopotamia 

Khustawi, IT. S. Date 

15.5 

77.20 

1.52 

78.80 

0.00 

Garden, Calif 

14.6 

72.13 

0.53 

72.66 

0.00 

Maetum, Bagdad 

Mactnm, IT. S. Date 

15.1 

80.2 

0.00 

80.20 

0.00 

Garden, Calif 

17.5 

72.15 

0.34 

72.50 

0.00 

Zahidi, Bagdad 

Zahidi, Tropical Date 

17.7 

83.40 

0.76 

84.20 

0.00 

Garden, Calif i 

15.6 

72.32 

1.50 

73.89 

0.00 


‘ 4 commercially ripe. ? ’ In all cases the fruit had reached full size. Included 
also are a few analyses giving a comparison of mummified and soft ripe 
dates. A few analyses selected from those made are given in table II. 

The green dates of all varieties contained considerable quantities of 
sucrose; with ripening, most of this sugar disappeared (probably by inver- 
sion) except in the Deglet Noor variety. The tannin in the green dates was 
much higher than in the ripened dates. 

The mummified sample of Zahidi dates from Mesopotamia is particularly 
interesting. Although tree ripened, its composition is similar to that of an 
unripe date. It has 13.11 per cent, of sucrose and about 0.23 per cent, tan- 
nin contrasted with 0.76 per cent, sucrose and complete absence of tannin in 
the soft ripe dates of this variety. Observation shows that dates that mum- 
mify on the tree ripen first at the blossom end and ripening proceeds grad- 
ually toward the calyx end of the date. In the extremely hot dry air of 
Bagdad, apparently the calyx end of this variety becomes so dry that ripen- 
ing is arrested and it remains somewhat immature. Qualitative tests for 
soluble tannin on the cut surface of longitudinal sections of the mummified 
Zahidi dates showed considerable tannin in the flesh of the calyx end and 
none to very little in the blossom end. 
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TABLE II 


Comparison of composition of flesh of green, mummified and soft ripe dates 
Percentage on dry weight basis 


Sample 

Moisture 

Reducing 

sugars 

Sucrose 

Total 

sugars 

Tannin 

Berhi, Tropical Date 
Garden, Calif., 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

green 

Berhi, Tropical Date 
Garden, Calif., me- 

53.8 

35.89 

16.40 

53.15 

1.64 

diuni ripe 

Berhi, Tropical Date 
Garden, C'alif., soft 

27.8 

46.93 

15.80 

63.56 

0.10 

ripe 

Deglet Noor, U. S. 
Date Garden, Calif., 

19.7 

72.53 

0.38 

I 

72.93 

0.00 

green 

Deglet Noor, U. S. 
Date Garden, Calif., 

42.2 

12.60 

20.50 ; 

. 

41.10 

1.90 

medium ripe 

Deglet Noor, U. S. 
Date Garden, Calif., 

29.3 

24.70 

28.22 

54.40 

0.21 

soft ripe 

Deglet Noor, TJ. S. 
Date Garden, Calif., 

18.4 

38.20 

42.27 

82.70 

0.20 

soft ripe 

Hallawi, Tropical 

Date Garden, Calif., 

20.3 

42.00 

28.46 

71.90 

0.20 

green 

Hallawi, Tropical 

Date Garden, Calif ., 

52.5 

22.20 

6.26 

28.78 

0.50 

medium, ripe 

Hallawi, Tropical 

Date Garden, Calif ., 

27.0 

58.57 

1.12 

59.74 

0.00 

ripe 

Kadrawi, Tropical 

Date Garden, 

21.6 

72.62 

0.25 

72.88 

0.00 

slightly green 

Kadrawi, Tropical 
Date Garden, me- 

48.2 

39.80 

26.59 

67.70 

0.60 

dium ripe 

Kadrawi, Tropical 

32.20 

43.20 

24.40 

68.51 

0.20 

Date Garden, ripe... 
Zahidi, Tropical Date 
Garden, Calif., 

31.6 

70.63 

2.36 

73.11 

0.05 

green 

Zahidi, Tropical Date 
Garden, Calif., me- 

53.8 

16.72 

13.34 

30.80 

0.70 

dium ripe 

Zahidi, Tropical Date 
Garden, Calif., ripe 
and partly mummi- 

25.9 

39.42 

12.97 

53.07 

0.02 

fied 

Zahidi, Bagdad, soft 

17.7 

74.25 

1.63 

75.95 

0.00 

ripe 

Zahidi, Bagdad, well 

17.70 

83.40 

0.76 

84.20 

0.00 

mummified 

14.40 

66.80 

13.11 

76.80 

0.23 
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The above explanation of the presence of appreciable amounts of sucrose 
m mummified dates does not apply, however, to several samples of Deglet 
Noor variety that were examined. Although the mummified Deglet Noor 
dates were rather hard in texture and contained considerably less total 
sugars than the soft ripe dates, they contained no more tannin than the soft 
ripe dates. Fkeeman 4 also reported lower total sugar content in mummified 
than in soft ripe Deglet Noor dates. Vinson has studied the changes occur- 
ring m this and in other varieties throughout the growing and ripening 
period, the comparison being made between a “cane sugar” variety the 
Deglet Noor, and various “invert sugar” varieties, principally seedlings. 


Effect of variety 

, t ,. Th ® cc ™Position of several of the leading varieties of dates is given in 
tables I and II. They may be grouped in two classes : (1) those high in cane 
sugar, and (2) those high in invert sugar and low in cane sugar. The Deglet 
oor is the principal variety in class 1 ; most other commercially grown 
varieties fall into class 1 2, although when green, Vinson 5 believes all varieties 
.contain appreciable quantities of cane sugar. Our own observations indi- 
cate that this is true of the varieties examined. A few additional analyses’ 


TABLE III 

Additional analyses showing effect of variety on composition of dates 
Percentage op dry weight basis 


Sample 

Moisture 

Invert 

sugar 

Sucrose 

Total 

SUGAR 

Tannin 

Ashrasi, Mesopo- 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

tamia 

Azrak, Mseopotamia 
Banawsha, Mesopo- 

13.9 

15.7 

66.90 

69.30 

5.98 

0.28 

73.20 

69.60 

0.59 

0.00 

tamia 

Begal, Mesopotamia... 
Buck El Badam 

15.1 

14.1 

! 

65.60 

59.20 

2.09 

1.62 

67.69 

60.90 

0.00 

0.00 

(mummified ), Meso- 






potamia 

Kadrawi, Mesopo- 

10.4 

39.00 

26.40 

66.80 

1.80 

tamia 

Bdialal Matbookh,* 

13.9 

74.20 

0.00 

74.20 

0.00 

Mesopotamia 

8.8 

22.5 

33.63 

57.9 

0.76 


* Cooked immature dates. 


& F ’ ElPenillg dateS bT inoubatio11 - Arizona Exp. Sta. Ball. 66 
S Vinson, A. E. Arizona Exp. Sta. Bull. 66: Part I. 1911 
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showing the effect of variety are given in table III. Of particular interest 
is the last sample in this table, that of dates that were cooked and dried when 
slightly immature. Note their low total sugar, high sucrose, and high tannin 
content. 

Changes in composition during incubation at 130° F. 

As might be expected immature dates held at 130° F. ripened rapidly 
with loss of tannin and inversion of sucrose, as shown in table IY. 


TABLE IV 

Changes in sugars and tannin during incubation of immature Berhi dates 

at 130° F. 


Time 

Reducing 

sugars 

Sucrose 

Tannin 

Hours 

Per cent. 

Per cent. 

Per cent. 

0 

35.89 

16.40 

1.64 

48 

43.46 

8.75 

.03 

96 

48.64 

3.52 

.00 


After 96 hours the dates were well softened, translucent, amber in ap- 
pearance and of good eating quality. In this test (repeated with several 
other varieties with similar results) no attempt was made to remove excess 
moisture from the dates and they decreased but little in moisture content 
during the incubation. 

TABLE V 

Changes in sugars, tannin and moisture during dehydration of Berhi 

dates at 120° F. 

Percentages on dry weight basis- 


Time 

Moisture 

Invert 

SUGAR 

Cane 

SUGAR 

Total 

SUGAR 

Tannin 

Hours 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

0 

53.8 

35.89 

16.40 

52.29 

1.64 

4 

43.3 

39.80 

12.32 

52.12 

1.10 

8 

42.5 

39.84 

12.21 

52.05 

0.50 

12 

41.9 

40.44 

11.51 

51.95 

0.20 

16 

39.6 

42.22 

9.62 

51.84 

0.11 

20 

36.9 

44.30 

7.48 

51.78 

0.05 

24 

31.5 

47.17 

4.53 

51.70 

0.00 

28 

29.8 

48.96 

2.67 

51.63 

0.00 

32 

28.5 

49.62 

0.92 

50.54 

0.00 
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Changes during dehydration at 120° F. 

Bates are often partially dehydrated before packing. In order to follow 
the changes in composition occurring during this treatment, Berhi dates 
(slightly immature) were dried in a blast of air (velocity 500 feet per min- 
ute) on screen trays at 120° F. Samples were analyzed at intervals, as 
given in table V. 

Just as during incubation, sucrose decreased greatly and soluble tannin 
disappeared. After 32 hours the dates were in excellent eating condition. 
Dehydration was apparently superior to incubation in point of time re- 
quired, and gave a better product in this test. 

Ripening in various gases and vapors 

Dates were ripened in various gases and vapors, including C0 2 , 0 2 , CS 2J 
CHClg and C 2 H 5 OH. Those ripened in C0 2 were normal in all respects and 
satisfactory in every respect. The changes occurring in sugars and tannin 
were typical of those in other gases or vapors and are given in table VI. 

TABLE VI 

Changes occurring during ripening of Berhi dates in CO.. 

Percentage on dry weight basis 


Time 

Reducing sugar 

Sucrose 

Tannin 

Hours 

0 

Per cent. 

35.89 

Per cent. 

16.40 

Per cent. 
1.64 

48 

40.62 

11.62 

0.50 

96 

44.76 

7.45 

0.00 


Dates ripened in 0 2 were dark brown in color and of poor flavor. Incuba- 
tion or dehydration at 120-130° accomplished the desired results more sat- 
isfactorily than ripening in gases. Dehydration is superior principally in 
that it permits control of the moisture content of the ripened fruit. 

Summary 

1. Dates from Mesopotamia used for comparison in this investigation 
were on the average higher in total sugars on the dry basis and lower in 
moisture content than the same varieties grown in California, owing perhaps 
to more favorable ripening conditions (temperature) in Mesopotamia. 

2. There was found to be considerable difference in the total sugar con- 
tent (on dry basis) of different varieties; in some cases this was apparently 
caused by arrested ripening by mummiflcation (drying on the tree). The 
Deglet Noor was consistently high in sucrose ; most other varieties were low 
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in this constituent when ripe. All unripe samples of all varieties examined 
contained considerable sucrose; this decreased greatly during ripening ex- 
cept in the Deglet Noor variety. 

3. Soluble tannin was found to decrease markedly during ripening 
under various experimental conditions, such as during incubation, dehydra- 
tion, and during storage in various gases and vapors. 

4. Dehydration at 120° F. was the most satisfactory means of artificial 
ripening used in our experiments. 

Fruit Products Laboratory, 

University of California 



BRIEF PAPERS 


THE EFFECT OF ETHYLENE ON THE RESPIRATION OF 
BANANAS DURING RIPENING 

(with one figure) 

In a paper from this laboratory presented at the Kansas City meeting 
of the American Association for the Advancement of Science, 1925, it was 
shown that ethylene doubled or trebled the production of carbon dioxide 
by celery for a short time after application, and that subsequently the rate 
fell off to a value below the normal respiratory rate at the same temperature. 

Continuing these studies on the physiological influence of unsaturated 
hydrocarbons in ripening green fruits and vegetables', we have followed 
the rate of carbon dioxide production by bananas during ripening. 

The fruit was placed in sealed glass containers provided with inlet and 
exit tubes. Suitable wash bottles were inserted to free the incoming air 
from C0 2 and to keep the air saturated with water vapor. The rate of 
carbon dioxide production was measured by means of the conductivity cell 
which was described in the issue of Plant- Physiology for April, 1926. 
The whole train of apparatus was kept in a constant temperature bath at 
25° C. The Adams arrangement for the conductivity apparatus was used. 

One or two bananas were usually used and the tests lasted from about 
five to fifteen hours. They were given one or more doses of ethylene care- 
fully measured with a micro-gas burette. The dose was one part of ethylene 
to one thousand parts of air, since this was the concentration which 
had been found best suited to ripen bananas. The ethylene was allowed 
to act for fifteen to twenty minutes and then the aspiration was resumed. 
The air was aspirated from the container for fifteen to thirty minutes before 
passing it through the cell, to remove ethylene and the C0 2 which had 
been liberated during the period of treatment. Conductivity readings) were 
taken every fifteen to thirty minutes thereafter for one or two hours, and 
if a second dose of ethylene was given to the same specimen, the procedure 
was repeated. The asterisks on the graph (fig. 1) indicate the points of 
treatment with ethylene. In all cases the rate of respiration expressed in 
milligrams' of C0 2 per hour was doubled or trebled within a few minutes 
and then the rate fell off to a value lower than normal. 

Bananas from the same bunch and run simultaneously with the treated 
bananas, although showing some fluctuation in rate, never showed the same 
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Pig. 1. Respiratory rate in bananas. Ethylene 1-1000 administered at the points 

indicated by asterisks. 


high rates or minima after the passing of the peaks of the curve that the 
treated bananas did. 

Since the trend in all cases tried was the same, it was deemed best to 
show the graph of one typical treated banana and of one check run simul- 
taneously under exactly the same conditions to illustrate the point rather 
than attempt to graph several runs on the same pape:\ This one is typical 
of many other curves, using Le Gros Michael variety and Cavendish 
bananas. 

The method which was used allowed for the rapid determination of the 
rate of C0 2 production over a few minutes; consequently it was possible 
to follow the rapid rise and fall of the respiratory rate better than could 
be done by the method employed by Denny 1 on lemons. The high initial 
rate a few minutes after administration of the ethylene followed by a rapid 
fall to below normal may be due either to the increase of oxidation or to 
increase in the permeability of membranes allowing the diffusion of the 
C0 2 already present in the cells. The rise after the second dose of ethylene 
seems to indicate an increase in oxidation rate rather than permeability 
change. Evidently this stimulation wears 1 off within less than an hour. 

i Denny, F. E. Effect of ethylene upon respiration of lemons. Bot. Gaz. 77: 
322-329. 1924. 
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The rather rapid removal of ethylene by oxidation, as in the animal body 
after anaesthesia, offers an explanation for this. Continuous application 
of the ethylene seems necessary to continued increase in respiration. 

Analyses 1 made on treated and untreated bananas show that the treated 
bananas have one fifth to one fourth more sugar in them than the untreated 
bananas and that the starch content is proportionately decreased. The 
activity of the diastatic enzymes as well as the respiratory enzymes is 
increased by ethylene. Whether this 1 is due to the cell permeability being 
increased, thereby making it easier for the enzymes and substrate to come 
together, and to facilitation of the intake of oxygen, or whether ethylene 
and propylene act as enzyme activators or actually increase the amount of 
the enzymes, we are now attempting to determine. — L. 0. Regeimbae, G-. A. 
Vacha, and E. B. Harvey, The University of Minnesota. 


AN EFFECTIVE LABOEATOKY DEIEE 

(WITH ONE FIGURE) 

A rather extended use of the phenol-disulphonic acid method for the 
determination of soil nitrates 1 led the authors to experiment with various 
methods of speeding up the necessary step of evaporating aqueous extracts 
to dryness. The drier finally evolved (fig. 1) has proven fully satisfactory 
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not only for that purpose, but also for the rapid drying of green plant 
tissues for analysis. The principle of operation will be obvious from the 
illustration. Its important advantages are (1) rapidity, (2) all parts of 
the drying chamber having very closely the same effectiveness. Details 
of size and construction may be varied to suit individual needs and prefer- 
ences, but a brief description will be given of the model we have now in use. 

A galvanized iron box, made by a local tinsmith, is lined with asbestos 
sheeting. The shelving and perforated partition shown at the right are 
made of asbestos slate (transite) held in place by light angle-irons and 
stove-bolts. A rapid air draft is provided by a 9-inch desk fan blowing 
through the funnel F, the path of the air being indicated by the arrows. 
The air passes across H, an electric hot-plate, into a narrow chamber at 
the right, from which it enters the drying chamber through 5 circular 
openings, 1.5 inches in diameter, opposite the space above each shelf. The 
second and third shelves do not run the full width of the drying chamber, 
but leave an air-gap at the left, bridged by light metal pieces (not shown 
in the figure). A set of air-holes at the top left are fitted with a damper D 
for controlling the draft. The shelf-space is 14 inches 1 square, with 4.5 
inches between shelves. With the draft full open and the hot-plate turned 
to “high” (1,000 watts), the temperature of the drying chamber runs 61° 
to 63° C. Thermometers are inserted at T, T ' and T'\ to check the various 
shelves. It was found necessary to protect the bottom shelf with two extra 
layers of asbestos sheeting, also to cut down direct radiation by two layers 
of wire gauze G over the hot-plate, to secure the same temperature on all 
shelves. The narrow chamber at the right is permanently closed in front 
by the wall of the box. The drying chamber is closed by a glass door, and 
the hot-plate by a piece of transite containing an opening for the switch. 
Over both the latter is fitted an outside door of galvanized iron. 

Thermostatic control can be added at any time. It has not so far been 
necessary, as 1 the drier has shown no tendency to vary more than a couple 
of degrees. In some laboratories it would no doubt be advisable to pass 
the entering current of air over a moisture absorbing agent. The low 
humidity of our Alberta atmosphere makes this unnecessary for ordinary 
purposes. — It. Newton and W. H. Cook, University of Alberta. 



NOTES 


Officers for 1927-1928. — The Secretary of the American Society of 
Plant Physiologists has announced the results of the recent annual election 
as follows: President, Professor Charles A. Shull, the University of 
Chicago; Vice-President, Dr. W. E. Tottingham, the University of Wis- 
consin, Madison, Wisconsin. The Secretary-Treasurer, Dr. S. V. Eaton, 
the University of Chicago, ivas elected last year, and remains in that office. 

Midwest Regional Meeting of the American Chemical Society. — The 
Seventh Midwest Regional Meeting of the A. C. S. was held at Chicago, 
May 27-28, 1927. The sessions were held in the Kent Chemical Labora- 
tory of the University of Chicago. The meeting was a very valuable one, 
and was rendered notable by the avjard of the Willard Gibbs Medal to Dr. 
John J. Abel, distinguished biochemist and pharmacologist of Johns Hop- 
kins University, who delivered the Willard Gibbs address on “ Chemistry 
in relation to biology and medicine, with special reference to insulin and 
other hormones.” With the modesty characteristic of really great men he 
related the history of chemistry in relation to life processes from Paracelsus 
to modern times, including a brief story of epinephrin and other discov- 
eries of his own, which have brought him international fame. The lecture 
closed with some of the recent work on isolation of crystalline insulin. The 
medal was awarded at the Willard Gibbs Banquet, held in Ida Noyes 1 Hall, 
the presentation address being made by Dr. Julius Stieglitz, who reviewed 
in a masterly fashion the scope and magnitude of the work which led to the 
conferring of this signal honor upon Professor Abel. The whole meeting 
was featured by a fine spirit of cordiality, and it will be long remembered 
by every one who was fortunate enough to be present at the meeting. 

The First International Congress of Soil Science. — Students of soil 
science and related sciences from all over the world met at Washington, 
D. C., June 13-22, in the first International Congress of Soil Science. 
Delegates were present from 39 different nations, representing practically 
all of the important agricultural states of the world. 

The meetings were held in the spacious and beautiful halls of the United 
States Chamber of Commerce Building. The Congress was opened with 
an address by President Coolidge on Monday afternoon, June 13, follow- 
ing which there was a brief response from Dr. J. G. Jjipman, president of 
the International Society of Soil Science. 
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After the first day the morning sessions were devoted to general pro- 
grams, and the afternoon sessions to the specific work of the various com- 
missions. These meetings of the six commissions were all very valuable, 
and an account of those of greatest interest to plant physiologists will be 
presented in the October number of Plant Physiology. 

To relieve the strain of prolonged discussion and presentation of new 
problems and data, the committee on arrangements provided for a number 
of field trips and social events, which were much enjoyed. The fourth day, 
for instance, was taken for a trip by motor bus into Western Maryland 
and the Shenandoah Valley of Virginia. Other excursions to Baltimore 
and Mount Vernon added to the attractiveness of the Congress. The trip 
on the Potomac to Mount Vernon was marred by the fact that the boat 
was of too deep draught to permit landing, but the river trip in itself was 
delightful. 

Plant physiologists' were w r ell represented among those attending the 
Congress, and many features of the programs w r ere of vital interest to them. 
The success of the Congress augurs well for future meetings of an inter- 
national character. The next Congress will convene in Russia, which is 
only a just recognition of the great part Russian scientists have taken in 
the development of the science of Pedology. 

The Fifth National Colloid Symposium. — The fifth National Colloid 
Symposium held at the University of Michigan, Ann Arbor, Michigan, June 
22-24, 1927, was perhaps the most worth-while meeting since the second 
symposium in 1924. There was a genuine enthusiasm and considerable 
spirited discussion, with differences of opinion quite out of the ordinary. 
There were 250 registered as in attendance, besides a large number of local 
visitors. 

Professor IT. R. Kruyt, of the University of Utrecht, was the guest of 
honor. His paper on “Unity in the theory of Colloids” was greatly appre- 
ciated, and the discussion which followed lasted nearly all the morning 
session and showed the keen, interest which his address aroused. Professor 
Kruyt captivated his audience with his wide knowledge of the subject, his 
keen wit and ready repartee. He remained at the University of Michigan 
after the meeting to deliver a series of lectures during the summer session. 

The committee on entertainment arranged for auto trips about town and 
the neighboring countryside ; golf at Barton Hills Country Club ; a play 
on Wednesday evening, and the banquet on Thursday evening. A registra- 
tion fee of $3.00 covered these features, as well as the requirements for 
admission to the meetings 1 . There were seven papers out of about 25 on the 
program that were of special interest to plant physiologists. It was re- 
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gretted by all that Dr. Leonor Michaelis was unable to attend the meeting 
and give his paper on “Investigations on Molecular Sieve Membranes.” 

The Nashville Meeting. — The meeting of the American Society of Plant 
Physiologists at Nashville, Tennessee, in December will be the fourth annual 
meeting of the Society. It should be the largest and most significant meet- 
ing so far held by this organization. All members are urged to respond 
promptly to the requests of the program committee for titles and abstracts 
of papers to be presented before the sessions at Nashville. 

The program committee for this meeting consists- of the following mem- 
bers of the Society : Dr. A. L. Bakke, Iowa State College, chairman ; Dr. 
C. R. Ball, U. S. Department of Agriculture; Dr. W. A. Gardner, Alabama 
Polytechnic Institute; Dr. D. R. Hoagland, University of California, and 
Dr. S. V. Eaton, University of Chicago. Cooperation with this committee, 
it is hoped, will be hearty and loyal. The committee invites suggestions 
which may assist them in planning for a highly profitable meeting. 

Stephen Hales. — A short time ago Corpus Christi College, Cambridge 
University, celebrated the 250th anniversary of the birth (1677) of Stephen 
Hales. This event should focus the attention of plant physiologists on the 
early history of plant physiology, and the part that Stephen Hales played 
in the development of this branch of botanical science after the Renaissance. 
His book, Vegetable Staticks, published in February, 1727, just a month 
before the death of Newton, stands as a great landmark in the early eigh- 
teenth century ; it was the first attempt at a systematic experimental study 
of an important physiological process, and may justly be considered the 
chief cornerstone of the historical foundation of vegetable physiology 
Hales was 10 years old at the time Newton ? s Principia appeared, and it is 
quite certain that his association with Newton and other great leaders in 
the Royal Society of London inspired him to become the versatile churchman 
and scientist that we know him to have been. He was not only a Fellow 
of the Royal Society, but also “Rector of Farringdon, Hampshire, and 
Minister of Teddington, Middlesex.” The book is “An account of some 
Statical Experiments on the Sap in Vegetables: Being an essay towards a 
Natural History of Vegetation. Also, a Specimen of an Attempt to Analyse 
the Air, by a great Variety of Chymio-Statical Experiments.” The experi- 
ments were largely devoted to a study of sap pressures (by means of manom- 
eters), transpiration, and sap flow. 

Hales was not only interested in sap pressure, but studied blood pressure 
in animals also, and won a permanent place in the history of animal and 
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human physiology by his studies in that field. He was also an ardent stu- 
dent of ventilation problems, and solved the problem of ventilating ship 
holds so as to prevent asphyxiation from accumulating fixed air, carbon 
dioxide. He also invented ventilators for preserving grains from molding, 
particularly corn. 

It is an appropriate time to remember Hales, and plant physiologists 
are proud of the fact that the chief cornerstone in the development of plant 
physiology, laid just 200 years ago, bears the inscription, 4 4 Hales, 1727.’ ’ 

Reports of the Committee on Analytical Methods.— This important 
committee has published a number of reports during the last two years 1 . 
Attention is called to the fact that the chairman of the committee, Dr. 
W. E. Tottingham, the University of Wisconsin, has made arrangements 
to supply copies of these reports at a nominal price. The citations to the 
literature on methods are worth much more than the cost of these separates. 
Any one desiring to obtain copies of the reports should address the chairman 
of the committee. 

Free Reprints. — Beginning with the year 1928, it is hoped that Plant 
Physiology may be able to present a small number of reprints free to each 
author, provided the author has placed an order for reprints against which 
the first costs of making the reprints may be charged. The financial sup- 
port of the journal has been such as to warrant the attempt to give authors 
some reprints without covers free of charge along with orders. As the sup- 
port increases, the policy with reference to reprints can be made more 
liberal. 

Plant Autographs and their Revelations. — A popular edition of J. C. 
Bose’s discoveries in the field of plant responses appears under this title 
from the press of the Macmillan Co. The characteristic point of view of 
the author is revealed in the preface where in speaking of the plant, he says : 
4 4 In order to reveal the intricate mechanism of its life, it is necessary to 
gain access to the smallest unit of life, the 4 life-atom,’ and record its 
throbbing pulsation. ” Twenty-seven chapters and an appendix tell a mar- 
velous story of sleeping, waking, fatigued, weeping, and nervous plants. 
If the book makes no more impression upon the lay public than Bose’s 
previous more serious scientific contributions 1 have made upon scientific men, 
the book will do little harm. It is unfortunate that such books inevitably 
sow the seeds of misconceptions of plant life that require decades of effort 
to eliminate from the minds 1 of uncritical readers. The publisher’s price 
for this popularized edition of Bose is $2,50. 
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International Critical Tables. — The second volume of this monumental 
work has appeared from the McGraw-Hill Book Co. A number of the 
sections are of interest to biologists. The first section deals with the 
strength and related properties of woods, from North American, British, 
Danish, Dutch East Indian, Japanese and Asiatic, Mexican, South Amer- 
ican, and West Indian sources. Farther on one finds a section on the dur- 
ability, chemically, of glasses, which will interest analysts and other users 
of glass apparatus. Another section deals with animal and vegetable oils, 
fats, and waxes. Adhesives 1 and gelatins; textile fibers; tanning and vege- 
table tanning materials ; rubber, gutta percha, and balata ; artificial plastics, 
such as nitrocellulose derivatives, and phenol resins and their products; 
raw 7 materials of the paint and varnish industries; air conditioning; sac- 
charimetry, and X-ray diffraction data are included in this volume, along 
with much other material of interest mainly to the industries. The largest 
single section deals with the metals and their alloys, pp. 358-610 being de- 
voted to metallurgy. The volume contains 616 pages, and represents an 
enormous amount of work on the part of the compilers and editors. 
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THE FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE 
Charles A. Shull andFrank Thone 

The first International Congress of Soil Science, which was held at 
Washington, DC., last June, was an important event in the development 
of soil science. After a number of international conferences beginning 
in 1909 at Budapest, and ending at Rome in 1924, it was decided to hold 
this world-wide meeting, which should bring together the ablest investiga- 
tors of soil phenomena from all of the great agricultural nations. The 
congress was organized under the auspices of the International Society of 
Soil Science, the American Society of Agronomy, and the United States 
Department of Agriculture, and proved to be a very successful and profit- 
able meeting. The leaders of thought in this field were assembled in con- 
gress to share their knowledge and points of view, to take stock of their 
progress, to develop concerted attack upon the unsolved problems, and to 
gather inspiration and enthusiasm for the future development of soil 
science. The meeting had one other happy effect. It centered the attention 
of the public at least temporarily upon the importance of the advances 
made in our knowledge of the soil, and the even greater importance of 
further extension of our knowledge through fundamental research. 

Nearly 500 delegates and visitors were in attendance at the meetings 
of the congress. Representatives were present from Australia, New 
Zealand, India, Egypt, Palestine, Japan, British East, South, and West 
Africa, Germany, Russia, England, Italy, Norway, Sweden, Denmark, Hol- 
land, Switzerland, Mexico, Brazil, Chile, Uruguay, the Central Amer- 
ican republics, and many other countries. The United States and Canada 
had more than three hundred delegates and visitors participating in the 
congress. The frontispiece of this number shows a group of the foreign 
delegates, and the names in the key correspond to the numbers in the photo- 
graph, reading from left to right, and from below up. 
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The congress convened for its first meeting on the afternoon of June 13, 
in the beautiful building of the United States Chamber of Commerce. The 
meeting was opened by an address by Hon. Calvin Coolidge, President of 
the United States, who stressed the importance of the soil in human affairs. 
The response was by Dr. J. GL Lipman, president of the International 
Society of Soil Science. The work of the congress began in earnest on 
Tuesday, June 14. The presidents of the several commissions made brief 
reports of progress in the work of their respective commissions, after which 
President Lipman gave an address on Soils and Men. There was also an 
address by Charles H. McDowell on Fertilizers and Soil Science. The 
afternoon sessions were more technical in nature, and were held under the 
auspices of the several commissions which make up the congress. The work 
was organized under six commissions as follows: The first commission 
concerns itself with soil mechanics and physics, mechanical analysis, etc.; 
the second with soil chemistry. The third considers soil bacteriology and 
biochemistry; the fourth soil fertility; the fifth deals with nomenclature, 
classification and mapping of soils, and the sixth commission handles the 
problems of application of soil science to land cultivation. It is evident 
that the work of commissions two, three, and four are of greatest interest 
to plant physiologists ; this report deals particularly with some of the papers 
presented before these three commissions, and with some of the addresses 
at general sessions. 

Commissions II and IV met together, with Dr. A. A. J. de Sigmond, of 
Hungary, presiding. The meeting opened with a discussion of methods of 
chemical determination of nutritive materials in soils by de Sigmond, who 
proposed a cooperative study of soils in many different countries under the 
auspices of the second, third and fourth commissions. The plan called for 
the testing of a large number of soil samples in each region in accordance 
with a standardized procedure, with attention paid to both soil and subsoil. 

A number of papers concerned themselves with the problems of ex- 
changeable bases in the soil. Dr. J. S. Joffe and H. C. McLean, of the 
New Jersey Station, tested the availability of replaceable cations in unfer- 
tilized soils. The soils were treated with neutral salt solutions, such as 
CaCl 2 , MgCl 2 , KC1, NaCl, and NH 4 C1, until all replaceable cations of the 
soil had been removed by exchange, after which the soils were washed with 
purified distilled water till all chloride ion was removed. In other cases 
0.05 N. phosphoric acid was used to replace cations. These soils were used 
in sand cultures as sources of N, P, K, Ca, Mg, and Na to test the availability 
of the cations of the soil for growth of buckwheat. The results indicate 
that plants are capable of using the cations of the soil, even if they are tied 
up chemically in the complex. 
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Dr. H. J. Page, of the Rothamsted Station, discussed the relation between 
the state of saturation of the soil and its H-ion concentration, with special 
reference to the action of “ physiologically acid” fertilizers. He found 
that as the acidity of the soil increases, the exchangeable base decreases. 
At a reaction value of pH 4.04 there was only one seventh as much exchange- 
able base as at pH 5.22. The production of acidity by (NH 4 ) 2 S0 4 was 
discussed. While this salt does acidify the soil, the acidity is not caused 
as is usually thought, by greater use of NH 4 than of S0 4 by the plant. In 
the presence of the soil complex, the NH 4 ion is believed to replace Ca ion, 
with the formation of CaS0 4 . This change does not lead to acidity. There 
is an indirect chemical change following the exchange of NH 4 for Ca, in 
which part of the ammonia nitrogen is oxidized to HN0 3 . The acidity, 
then, arises indirectly by chemical action from the NH 4 ion. 

Novel theories of plant nutrition were presented by Dr. Emil Truog, of 
the University of Wisconsin, who believes that plants directly attack the 
minerals of the soil. He relates the root hair to the feeding of the plant, 
and illustrates the idea by analogy to a collodion sac containing acid, in 
contact with a piece of calcite. He distinguishes “ solid phase” feeding 
from “ liquid phase” feeding. The water ’of the soil-root hair region has a 
pH of about 4.0 when saturated with C0 2 , and as carbonic acid is the only 
root excretion normally, it is held that solid phase feeding is greatly in- 
creased by the output of C0 2 from the root. Buckwheat and sweet clover 
are strong feeders on raw rock phosphate, while oats and corn are weak 
feeders on this mineral. This difference is related to the ability of the 
plants to feed on the solid phases, the plants not being dependent on the 
soil solution for their minerals. 

The significance of traces of certain inorganic elements of the soil for 
plant growth was emphasized by Dr. J. S. McHargue, of the Kentucky 
Station, who has given much attention to such elements as manganese, 
copper, zinc, nickel, cobalt, barium, strontium, boron, arsenic, fluorine, 
bromine, iodine, etc. These elements occur widely distributed in igneous 
and sedimentary rocks, and in soils derived from them. Plants grown on 
the soil take in some of these elements and may deposit them more abun- 
dantly in just certain tissues, as in the germ, or pericarp, or young tender 
parts of the plant. Manganese and copper are particularly needed by 
plants, and chlorosis is produced when they are excluded. Such chlorotic 
plants contain from one half to one tenth of the normal amount of man- 
ganese. When treated with gum guaiac and H 2 0 2 , ,the chlorotic leaves 
give a poor test for peroxidase, while those given the normal amount .of man- 
ganese give a strong peroxidase reaction. These observations support the 
view that manganese is related to the oxidizing system of the plant. The 
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iron content in these cases was as large in the chlorotic as in the non- 
chlorotic leaves, so that manganese seems to be related to the synthesis of 
chlorophyll, also. 

Some of the analyses reported were very interesting. Expressing the 
elements in milligrams per kilogram of dry weight, McHargue found in 
wheat bran 16 mg. copper, 125 mg. of manganese, and 75 mg. of zinc. The 
germs of wheat contained 46, 150, and 160 mg. of these elements respec- 
tively, while flour made from wheat in which germs and bran were removed 
contained only a trace of copper, 10 mg. of manganese, and 22 mg. of zinc 
per kilo of flour. Cotton seed kernels contained 54 mg. copper, 13 mg. 
manganese, and 320 mg. zinc. Oats contained 30, 58, and 89 mg. of the 
three elements, respectively. 

The fact that marine animals and domesticated animals both contain 
manganese, copper, and zinc in appreciable quantities, especially in the 
embryos, and the glandular organs, liver, kidneys, spleen, pancreas, and 
such vital organs as heart and brain suggests their importance in animal 
metabolism., just as in plant metabolism. Part of the superiority of the 
stock raised in the blue-grass region of Kentucky is traced to the soil, which 
is derived from a phosphatic limestone, rich in manganese, copper, zinc, 
nickel, and cobalt. These elements which occur merely as traces in plant 
ash, are surely of greater importance than has usually been stated in physio- 
logical reference works. 

A rapid method of determining the sulphur deficiency of soils was out- 
lined by Dr. F. J. ALway, of the University of Minnesota, who uses the 
total sulphur content of alfalfa hay grown on the soil as his criterion. 
When the alfalfa contains 0.09-0.11 per cent, of sulphur, applications of 
gypsum give fine increases in crop yields, up to 70 per cent, increase. 
When the analyses show 0.12-0.15 per cent, of sulphur in the hay, there is 
a slight response from application of sulphur carriers. In crops where the 
sulphur content runs from 0.26 to 0.50 per cent., there is no response from 
applications of sulphur fertilizers. It is best to use only leaves in the 
analyses, as these contain more sulphur than the stems, and are affected 
more by sulphur additions to the soil than stems are. If one secures 
samples of alfalfa from all over a given region, and analyzes the samples 
for sulphur, one can tell very shortly where all the sulphur deficient land 
areas lie, and tests can be run on these to determine whether the increased 
crop yields will pay for the cost of application of sulphur fertilizers. 

The influence of phosphorus in hastening maturity was emphasized by 
Dr. J. J. Skinner, with reference to cotton. Cotton fertilized with phos- 
phate matured 69 per cent, of its total yield by September 7, while untreated 
cotton matured only 47 per cent, of its yield by that date. It requires from 
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70 to 90 pounds of phosphate per acre to produce this effect. None of the 
other fertilizer ingredients produced as much effect as phosphorus in this 
regard. 

The general session on June 15 was marked by several splendid addresses. 
The outstanding feature of the meeting was the discussion of the present 
status of soil biology, by Sir John Russell, Director of the Rothamsted 
Experimental Station. He considered the relation of the reaction of the 
soil to living organisms, protozoa, bacteria, algae, fungi, actinomyces, 
nematodes and other worms, snails, etc., and showed that the flora tends 
to become fungal on acid soils. Aeration is also an important factor 
determining the microbial life of the soil. Changes in the flora and fauna 
can be followed under various conditions by cultural isolation, microscopic 
examination, and population counts. The level of numbers of organisms 
present depends on the amount of energy available in the humus jelly 
which coats the soil particles. An increase in energy supply causes in- 
creased numbers of organisms to develop. Addition of a single substance 
may favor just one group, but addition of complex organic matter will 
favor many groups of organisms, providing not only a larger number, but 
also a larger variety in the soil life. 

Referring to his own work on bacteria and protozoa, he gave an account 
of the fluctuations in number of these organisms from day to day and from 
hour to hour. The periodicity is related to the reproductive activities and 
feeding habits of the respective organisms. The amoebae feed upon the 
bacteria and increase as bacteria decrease, but later the bacteria again 
increase and the amoebae die off. In other cases of fluctuation the causes 
are more complex. Bacillus radicicola fluctuates when it is the only organ- 
ism present. In some cases the fluctuations may be related to different 
modes of reproduction in different parts of the life cycle. 

He discussed the modifications produced in soils by sterilization, and 
finds that the best way to avoid serious modifications is to dry the soil 
in vacuo. Poisonous decomposition products came in for consideration, 
and the practical applications of all these studies were stressed. The more 
active the soil population, the more fertile the soil; and activity may be 
increased by feeding the population appropriately. Addition of sugar for 
increased activity has been tried in some places. 

The new methods of nitrogen fixation were referred to as making nitro- 
gen fertilizer cheap. The oxidation of sulphur and control of the reaction 
of the soil were discussed in some detail, and some of the newer methods of 
making manures from straw were described. Cellulose can be converted 
into useful manure by moistening, adding nitrogen compounds and phos- 
phates, and allowing organisms to bring about partial decay in the mass. 
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The address closed with a discussion of the value of soil microbiology 
as a part of the education of the country boy and girl. 

In the same meeting Dr. 0. Lemmermann, of the Agricultural Hoch- 
schule, Berlin, discussed the determination of soil acidity, Dr. A. Itano. 
of the Ohara Agricultural Institute, Japan, gave an account of the present 
status of soil investigations in Japan, and Dr. A. F. Woods, director of 
research in the Department of Agriculture, described the origin and the 
objects of the Bureau of Soils. 

The session for reading of technical papers Wednesday afternoon con- 
tained many helpful papers. Dr. John S. Burd, University of California, 
discussed some of the problems of soil solution research. Careful study of 
displaced solutions and water extracts of soils reveals decreasing concen- 
tration of nutrient ions with advance of the crop season, and secular decline 
after a few years of cropping, accompanied by decreased production. 
Phosphate ion and potassium ion are the main ones involved in these defi- 
ciencies. While phosphate ion is more abundant in arid than in humid 
soils, the drier soils are more highly buffered against acidity than humid 
soils, and this partly nullifies the more favorable P0 4 concentration. Tem- 
porary acidity developed at phase boundaries in soils containing calcium 
carbonate sets free Ca which also tends to depress phosphate concentration. 

The potassium relations are more difficult to explain. In some cases 
additions of potassium will increase the concentration of K-ions long before 
the replaceable base complex has become saturated. Such soils either need 
no fertilizer, or may be profitably amended. In other cases, however, the 
soils have such extraordinary “fixing power’ ’ for potassium that there is 
no economic way of increasing the potash content of the soil solution. This 
is especially true if the soil is at the same time highly buffered against 
acidity. 

The phosphorus content of soils was discussed by Dr. F. W. Parker, 
Alabama Polytechnic Institute, who used displaced solutions and 1 : 5 water 
extracts for his measurements. The phosphate content is often very low, 
the average for displaced solutions from 20 American soils being 0.09 parts 
per million of inorganic P0 4 , and 0.47 parts per million of organic P0 4 . 
These low amounts do not necessarily indicate infertility, for several soils 
that showed only 0.03 ppm. of the inorganic phosphate ion were still good 
productive soils. 

Absorption studies with corn, soy beans a$d buckwheat showed that they 
absorb only the inorganic phosphate. In 6 to 24 hours all of the inorganic 
P0 4 would be removed from the solution by the roots ; but the organic P0 4 
was not absorbed in 24 to 48 hours. Maximum growth of corn occurred 
at 0.50 ppm. of the inorganic phosphate ion, and with 0.05, 0.10, and 0.25 
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ppm., the growth was 19, 37, and 71 per cent., respectively, of the maximum. 
The plants cannot reduce the P0 4 to much less than 0.03 ppm. The two 
outstanding fact here are that the. phosphorus in displaced solutions is 
mainly organic phosphorus, and that water soluble organic phosphates are 
not available to plants. 

The soil solution often has too little inorganic P0 4 in solution to be 
adequate. The plant must therefore have contact with solid surfaces in 
the soil. Excretion of C0 2 is thought not to increase P0 4 solution, but the 
root is believed to dissolve the rock at points of contact. 

Dr. D. R. Hoagland discussed the potassium relations in soils, and the 
relative value of adsorbed and soluble K. He raised the question whether 
all of the replaceable K in the soil has equal physiological value. Non- 
zeolitic minerals assist in the maintenance of available K in the soil. All 
such work must be considered in reference to the plant, which is concerned 
with all types of soil minerals. It is very desirable, and necessary, to 
correlate soil chemistry and plant physiology. 

The effects' of 14 years of potash manuring upon both plants and soils 
were presented by Dr. II . Niklas, of the Weihenstephan Agricultural In- 
stitute, Germany. There was no change in the pH values of the soil from 
the fertilizer, but microorganisms increased. The molds were not de- 
pressed, but there was less nitrogen fixation where K fertilizers were 
applied alone. No permanently unfavorable physical conditions were 
developed in the soil. Different treatments gave different amounts of dis- 
persity of soil particles, and the greatest dispersion was caused by use of 
KOI. When KHSG 4 was used along with some other potash salts, a con- 
dition intermediate between gel and dispersed state was developed. The 
effects of such changes on aeration and drainage were mentioned. 

The growth of root hairs of cabbage was reported upon by Dr. G. H. 
Farr, Washington University, who kept the root hairs in flowing solutions 
while under the compound microscope. The growth was recorded at 10- 
minute intervals for 3 hours. A unique three-dimensional graph was con- 
structed to represent the growth, with the rate of elongation as the ordi- 
nates, and the pH value and concentration of CaCl 2 as the two abscissae. 
There w r as a wide range of pH for growth, from 3.4 to 11.9, but there was 
no growth in hydrochloric acid alone, nor in the more acid solutions of low 
CaCl 2 content. Acid solutions with a moderate supply of calcium gave 
fair growth, but the best growth was in a nearly neutral solution with only 
0.02 M CaCl 2 present. However, the growth in Ca(OH) 2 solutions at pH 
9.9, and in 0.008 M CaCl 2 at 7.9 was almost as good as in the neutral 
solution. 

In the general session of Friday morning two very striking papers were 
presented. One was an illuminating study of the trend of land utilization 
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in the United States by Dr. 0. E. Baker, of the Department of Agriculture. 
Previous to 1900, migration was from poorer to better lands. Railroad 
development made possible the conquering of the prairies during the last 
half of the nineteenth century. Since 1900 the movement has been onto 
poorer lands, since all the good land was in use. By 1910 the brown lands 
had been occupied, and by 1920 the cycle of spread had ended. The entire 
country was settled. While land use has declined since 1920, production 
has increased 14 per cent., which is 60 per cent, greater than the increase in 
population. The causes of this situation are not related to the soil, but 
to efficiency of unit production. Less productive animals give way to more 
productive ones, and so we find milk production up 25 per cent.; beef 
production, 7-8 per cent.; pork and lard, 17 per cent.; chickens, 15 per 
cent.; and eggs, 16 per cent. The change from horse power to traction has 
been a contributing influence. Such changes as this are bound to continue 
until an equilibrium between agriculture and other industry is reached. 

The other paper was by Dr. Albrecht Penck, University of Berlin, on 
the productive capacity of the globe. He pictured the world with maps in 
terms of calorie production, and claims that the number of people that can 
live on the earth is calculable on the basis of the amount of food that can 
be grown, and the calorie requirement^ per individual. In the century 
from 1820 to 1920 the population of the earth doubled, and if 2,500 millions 
were all that the earth could feed, we should be overpopulated sometime in 
this century. But Penck calculates that 8,000 millions may finally inhabit 
the earth. Each continent would have a definite density based on its 
capacity to produce food. The greatest density is possible in the moist 
tropics. At present the population is sparse in those regions, but a gradual 
penetration and acclimatization will take place. He makes Brazil ulti- 
mately the most populous country in the world. This is, of course, only a 
provisional calculation. 

At the same meeting the chemical characteristics of soil leachings were 
discussed by de Sigmond, and a paper by Glinka on the history of Russian 
soil science was read by Dr. Lipman. 

Perhaps the most challenging paper before Commission III, on soil 
bacteriology and chemistry, was that of Professor Julius Stoklasa, of the 
Technical Institute and Experiment Station, Prague. Due to illness, Pro- 
fessor Stoklasa was unfortunately not able to be present in person, but 
his paper was read before the commission. 

Discussing the significance of bacteria in soil productivity, Prof. Stoklasa 
departed most decidedly from a number of notions about the part played 
by microorganisms, ideas hitherto accepted as orthodox. Perhaps the most 
important role they play, in his opinion, is the production of increased 
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quantities of carbon dioxide and its release into the lower strata of air, 
where it may be captured by photosynthetic organs. He is also convinced 
that carbon dioxide enters plants in solution through the roots. 

Carbon dioxide evolution proceeds more rapidly from fertile soils than 
from unproductive ones. His experiments have shown a production of 60 
to 120 mg. from one kg. of fertile soil, as against production of 15 to 20 mg. 
from the same weight of an unfertile soil. 

A further role of bacteria, he said, is their activity in rendering avail- 
able for the higher plants insoluble or partially insoluble mineral salts by 
chemically altering them into soluble compounds. A large part of the 
fertilizer increment must be regarded as food for the bacteria themselves : 
“I see the value of the addition of nitrogen, phosphorus and potassium to 
the soil in the increase of energy due to the multiplication of the micro- 
organisms, and in the stimulation of the metabolic processes of the hetero- 
trophs, resulting in an increase of the dissimilation processes and produc- 
tion of carbon dioxide and organic acids. 

The whole problem of C0 2 relations is a debatable one. Dr. Lemmer- 
mann of the Agricultural Institute, Berlin-Dahlem, disagreed with Stok- 
lasa regarding the importance of soil respiration in the carbon dioxide 
economy of the higher plants. Although considerable quantities of this 
gas are evolved, he said, air circulation quickly removes it from the air 
strata where it might be of benefit to the plants. 

On the other hand, experiments reported by Dr. H. Lundegardh, of the 
Stockholm Experimentalfaltet, tended to support the contentions of 
Stoklasa. In greenhouse experiments it was found that an increase of 
carbon dioxide in the atmosphere always produced a corresponding increase 
in yield. The ratio of assimilation to C0 2 concentration was found to be 
more favorable at 30° than at 20° or 10° C. “The C0 2 evolution is due 
to the activity of microorganisms, and is an indicator of the total metabolism 
and of the fertility of the soil. Most of the field experiments have shown a 
distinct parallelism between the C0 2 factor and the crop yield.’ 7 

The quantitative aspects of soil bacteriology were discussed by a number 
of speakers, among them Dr. S. Winogradsky, of the Pasteur Institute, 
Paris ; Dr. G. Rossi and S. Riccardo, Royal Superior Agricultural Institute 
in Portici, Italy; Dr. J. K. Wilson, Cornell University; Dr. A. G. Loch- 
head, Central Experimental Farm, Ottawa, Canada; and Dr. H. J. Conn, 
of the New York Agricultural Experimental Station. The complexity of 
the problem and especially the inadaptability of the standard methods of 
microbiology received special emphasis. Standardization of methods is 
much needed. 

The present position of our knowledge of the distribution and functions 
of algae in the soil was discussed by B. Muriel Bristol-Roach of the Roth- 
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amsted Station. The author stated that many of these organisms are 
capable of growing saprophytically in the dark, provided a suitable supply 
of organic food is present. 

Second only in importance to the bacteria in the soil flora, if indeed 
second to them, are the fungi. The parts they play were discussed by Dr. 
Charles Thom, of the United States Department of Agriculture, William 
B. Brierley, Bothamsted Experimental Station, and Dr. J. Magrou, of the 
Pasteur Institute, Paris. As with the soil bacteria, quantitative methods 
are as yet tentative, and standardization of methods is much needed. The 
study of fungus physiology, essential to an understanding in. their activities 
in the soil, is complicated by the readiness with which they sporulate or 
pass into other resting or resistant phases, and by the polymorphism of 
both the active mycelia and spores. 

Dr. Magrou called attention to the shaken position of mycorrhiza as 
true symbionts. In many cases they have been proved to be harmful — 
genuine parasites; in others, the host plant, though not harmed by their 
presence, has shown itself well able to get along without them ; and in still 
further cases the host, needing them during infancy, can dispense with 
them at maturity. 

Atypical nitrogen-fixing activities, influenced by the highly acid condi- 
tions in the soils of Finland, formed the subject-matter of the paper by 
Dr. Widar Brenner, of the Geological Institute of Helsingfors. Azotobac- 
ter plays no part here; its place is taken by associations of bacteria and 
fungi. Though the nature of these associations is as yet little understood, 
experiments have shown that they can fix nitrogen as efficiently as can 
Azotobader. 

The chemistry of free-living nitrogen-fixing bacteria was considered 
by Dr. C. Stapp, of the Biologische Reichsanstalt fur Land- und Forstwirt- 
schaft, Berlin. In this group the Azotobader type is the most abundant 
and best known among obligate aerobes. B. asterosporus is given as typical 
of the facultative anaerobes, while among the obligate anaerobes Amylo- 
bader is the leading example. The nodule bacteria, of course, are the 
principal representatives of the nitrogen-fixing symbiotic forms. 

Virtually nothing reliable is known of the biochemistry of nitrogen 
fixation. “It is quite possible that in the gas-forming nitrogen-fixing 
organisms hydrogen in statu nascendi will join the atmospheric nitrogen 
within the bacterial body to form ammonia, and that from this product a 
high molecular weight nitrogen-containing substance (protein) originates. 
On the other hand, this can hardly be the case for the non-gasogenes. 7 7 The 
author expresses no choice between the opinion (1) that a direct combina- 
tion of carbon and nitrogen compounds results in the “bausteine” of pro- 
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teins, and (2) that a catalytic action, through the agency of enzymes (these 
as yet unknown) first gives rise to ammonium nitrite. 

“It is as yet uncertain whether it will be possible to raise bacterial 
strains or races with a higher nitrogen-fixing power. An increase in ‘viru- 
lence’ of the nodule bacteria is $aid to be possible by repeated passage 
through plants. But the author has not been able to confirm these experi- 
ments by his own tests during the past year.” 

Finally, Stapp regards the practicability of inoculation of soils with 
Azotobacter or other free-living nitrogen-fixing organisms as very prob- 
lematical. 

Legumes are not the only higher plants that can secure nitrogen for 
themselves by cooperation with bacteria; nor need there be complete sym- 
biosis, as in the case of nodule bacteria, to bring about this cooperation. 
Georges Truffaut and N. Bezssonoff, of Versailles, France, described 
experiments with maize raised in media completely free from nitrogen for 
the plants, and deprived of all organic matter on which the bacteria might 
feed. The only possible source of nitrogen for either corn or bacteria was 
through fixation from the atmosphere by the bacteria, and the only possible 
source of energy for the bacteria was from the root secretions. Yet the 
maize throve and grew to maturity. 

Dr. E. B. Fred/ of the University of Wisconsin, described his researches 
on the butyric-acid formers that live anaerobically in many soils. They 
are a very complex group, motile, spore-forming, non-pathogenic, clostridial- 
shaped; 46 strains belonging to two main subdivisions have been isolated. 
In general, they are much inferior in nitrogen-fixing powers to cultures of 
Clostridium pasteurianum. 

Keizo Hirai and Iwao Hino, of Kyushu Imperial University, Fukuoka, 
Japan, reported their experiments on the influence of soil protozoa on the 
activities of Azotobacter. They found that the presence of the protozoa 
generally stimulated nitrogen fixation by the bacteria. They ascribe this 
to the tendency of the protozoa to render the medium alkaline, thus reduc- 
ing the acids formed by Azotobacter , which in pure culture soon reach a 
concentration great enough to limit the growth of the organisms. 

The nature of the organic matter of the soil, particularly its humus, was 
discussed by a number of participants, including H. J. Page, Rothamsted 
Station; Selman A. Waksman, New Jersey Agricultural Experiment Sta- 
tion; G. W. Robinson, J. 0. Jones, and R. J. Evans, University College, 
Bangor, North Wales; Oswald Schreiner and P. R. Dawson, United 
States Department of Agriculture, and Edmund C. Shorey, also of the 
Department of Agriculture. 

A related subject, the bacterial decomposition of cellulose, also called 
forth a number of papers, among them contributions by Y. Khouvine, 
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Pasteur Institute, Paris, and R. J. Dubos, New Jersey Agricultural Experi- 
ment Station. The taxonomy of these bacteria is very little known ; only 
one, B. cellulosa dissolvens, has been isolated with certainty. Suitably cul- 
tured, it breaks cellulose, as filter paper, down into (1) a yellow-orange dye 
stuff, (2) acetic and butyric acids, (3) hydrogen and carbon dioxide, and 
(4) alcohol. The spores of this organism are highly resistant; they have 
been found alive in 25-year old soil samples. 

Dr. Ljpman contributed an important paper before this Commission, 
giving a general survey of the microbial aspects of green manuring. Plow- 
ing under green manures is not always and unqualifiedly good for the soil ; 
much depends on the number and kinds of microorganisms present, and 
on the composition of the manures themselves. When the amount of 
organic matter is large and the conditions favorable for rapid decay the 
composition of the soil air may be profoundly modified. Large quantities 
of C0 2 are produced at the expense of the soil air. Oxidation and reduc- 
tion processes in the soil solution are directly influenced thereby. No less 
far-reaching is the effect of green manures on the potential supply of 
nitrogen to crops. The fermentation following the plowing under of a 
green-manure crop may increase or decrease the amount of so-called avail- 
able nitrogen. Green-manure cr 9 ps relatively rich in carbohydrates may 
cause the nearly complete disappearance of nitrates, and may later depress 
their accumulation in the soil solution. On the other hand, green manures 
containing a relatively high proportion of amino-compounds and proteins 
may exert an early and markedly favorable influence on the formation of 
ammonia and nitrates. 

The fermentation of green manures involves other important changes. 
There is a temporary modification of the soil reaction, and a passing ten- 
dency toward an increase in the hydrogen-ion concentration of the soil 
solution. Substances toxic to young plants may develop; the proportion 
and quantity of mineral nutrients may be modified and the complexion of 
the microbial flora greatly changed. By controlling these changes an 
optimum microbial balance for the growth of higher plants may be main- 
tained. 

Russell contributed a paper summarizing the present status of soil 
biology and its bearing upon agricultural practice. The relationship 
between soil biology and agriculture is in part that the soil microorganisms 
are the chief agents bringing about the changes in the soil organic matter, 
and in part that soil microorganisms have certain direct effects on growing 
plants. 

The changes in organic matter that affect soil fertility are of two kinds : 
first, the addition of organic matter by fixation of C0 2 by algae, of gaseous 
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nitrogen by Azotobacter, Clostridium , etc., and of ammonia and nitrates 
by a large variety of organisms ; second, tbe decomposition of organic mat- 
ter in the soil, resulting in (a) the disintegration of the structural material 
of the cells and of dead plant residues with consequent destruction of the 
fibrous material which in certain circumstances exerts a harmful physical 
effect upon the soil, (b) the formation of colloidal organic substances which 
are normally advantageous to the soil, (e) the formation from complex 
organic compounds, unsuited to plant nutrition, of simple organic com- 
pounds of nitrogen, phosphorus and sulphur entirely appropriate to plant 
nutrition, and (d) the destruction of compounds formed during the above 
changes that are harmful to plant growth. 

A brief review of the present knowledge of symbiosis and parasitism 
was given by the author. Although soil microbiology is a comparatively 
new science, it has already had four clear-cut and important applications : 
the inoculation of leguminous crops, the partial sterilization of soils used 
for horticultural purposes, the manufacture of a useful fertilizer from 
sewage, and the decomposition of cellulosic materials with production of a 
humus manure closely resembling farmyard manure. 

Other features of the congress are worthy of mention. The opportuni- 
ties for social contacts were delightful. Receptions, dinners, and excursions 
interspersed among the meetings prevented any monotony from the scien- 
tific programs. Thursday was devoted to a motor bus excursion into west- 
ern Maryland and the Shenandoah Valley of Virginia. On Saturday 
afternoon there was a boat excursion down the Potomac to Mount Vernon, 
■which unfortunately did not permit the excursionists to land ,* on Tuesday 
following, an excursion to Baltimore, with dinner on return at the Univer- 
sity of Maryland. The next day, June 22, saw the beginning of the trans- 
continental excursion, and the close of the formal sessions. These social 
events put everyone at ease, and created a friendly atmosphere that per- 
vaded the entire congress. 

This account of the meeting should not close without reference to the 
general exhibition which was held in the rooms adjoining the meeting 
places. Several of the foreign nations sent splendid exhibits of their 
activities. Russia made a very favorable impression by its large and varied 
display. There were maps showing their soil surveys, periodicals, publi- 
cations, text books, soil sections of typical Russian soils, portraits of the 
great Russian scientists who, more than any others have been responsible 
for the development of Pedology. It was a delight to see this galaxy of 
Russian stars — Dokuchaiev, Glinka, Gedroiz, Jarilov, Kostychev, 
Beketov, Kossovitch, Omeliansky, Bogoslovsky, Sabinin, Vernadsky — 
a group of whom any nation would be proud. The exhibit of books by 
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these leaders of thought and research was a revelation to those who 
examined them. 

Latvia had also placed on exhibit 12 beautiful soil profiles, soil maps, 
and publications by J. Wityn. There were soil sections and maps from 
Roumania, showing the interest that is being taken in a careful study of 
the soil in many quarters of the world. 

The Bureau of soils had placed on exhibit some of the activities of the 
Department of Agriculture. Maps were on display, and various bibliogra- 
phies which have in recent years proved such a valuable part of the work of 
the Department of Agriculture Library. The list of publications on soils 
1844-1926, and a classified list of soil publications of the United States and 
Canada are examples. A number of the best journals devoted to soil science 
were on exhibit and more than 50 recent volumes on various aspects of soil 
science. Some very early agricultural literary treasures had been entered, 
such as Humphrey Davy’s Agricultural Chemistry, 1819 ; photostatic copies 
of the American Farmer, 1820; Edmund Ruffin’s Essay on Calcareous 
Manures; John Binns’s Treatise on Practical Farming; Richard Peters, 
On Gypsum, etc. 

Some of the apparatus and individual exhibits were of more than usual 
interest. The Rothamsted Experimental Station had sent one of its dyna- 
mometers, along with isodyne maps and surface representations of the soil 
resistance to plowing. These were explained on occasion by Dr. Keen 
who has developed these methods of studying variability in soil consistency, 
and the effects of treatments of the soil on plow draught. Apparatus for 
mechanical analysis of soils by the British Official Methods was shown. 

Models of a nitrogen-fixing plant, a sewage disposal plant, the Cottrell 
precipitation for P0 4 recovery in the volatilization process, a flow diagram 
of the direct synthetic ammonia process, and a map of our potash resources 
represented some of the fertilizer activities. A group of pure organic com- 
pounds isolated from soils had been sent over from the Department of 
Agriculture. 

Among the soil testing apparatus were found the apparatus for colloidal 
analysis according to Bouyoucos, soil centrifuges, baths, pyrex glassware, 
electrotitration and colorimetric devices for hydrogen ion determinations, 
Chamberland filters, percolation tubes, motor stirrers, specific gravity ap- 
paratus, microscopes, Kjeldahl apparatus, the Hutchins apparatus for the 
study of oxyen-supplying power of the soil, and many others. The Cham- 
bers-Wright micro-manipulator for single cell isolations was demonstrated 
daily. 

Some experiments on plant nutrition were running in the exhibition 
room. Manganese deficiency was demonstrated, there was a guanadine 
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experiment showing toxicity, and a nucleic acid test showing its. beneficial 
action. A soil fertility test for corn had been set up. 

Two other features of the exhibition will close this account. A chart 
showing the decomposition of plant materials in the soil by microorganisms 
had been prepared. The substances started with, included 6 groups of soil 
constituents; water soluble, celluloses, pentosans, proteins, lignins, and the 
fats, waxes, and cutins. The products of breakdown of each class were 
listed, and in all but the last two, the important product was the microbial 
cells. The lignins leave undecomposed and unknown residues, as do also 
the fatty and w r axy substances. But the humus of the soil is made up 
almost entirely of the remains of microbial cells. The important indication 
is that celluloses do not form humus directly, but indirectly by building 
the bodies of organisms. 

There was also a fine display of soil nemas, showing the ecological types, 
vertical distribution in the soil, charts of their beneficial and detrimental 
activities, vectors, etc. A group of microscopes were in place with the 
nemas arranged for observation. 

The whole meeting was splendidly conducted, and will no doubt accom- 
plish great good in all countries. The next international congress of soil 
science is to be held in Russia, a just recognition of Russia's leadership in 
the study of the soil. One spirit will be missed at that meeting. Glinka 
was not well at the time of the congress, and his recent death leaves a place 
among the Russian workers that cannot be filled. 

The University oe Chicago, and Science Service. 
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I. Introduction 

The rate of water absorption and that of transpiration are generally the 
principal dynamic conditions that control the turgor of ordinary plants, 
and these rates are consequently of primary importance to plant growth 
and health. Both rates are subject to influences acting from within the 
plant and both are influenced also from the outside. Furthermore, they 
are generally interdependent to a great degree. The transpiration rate is, 
in many cases, largely determined by the absorption rate, for water cannot 
be transpired unless previously absorbed. Also, the absorption rate is 
largely determined, under many circumstances, by the transpiration rate. 
From the outside the transpiration rate is greatly influenced by the evapora- 
tion conditions of the aerial environment, and the absorption rate is simi- 
larly subject to the outside influences of the water-supplying power of the 
soil. Thus the two most important environmental influences acting on 
ordinary plants, as far as their water relations are concerned, are the 
evaporating power of the air about their leaves and the water-supplying 
power of the soil about their roots. The evaporating power of the air may 
be measured from time to time and its fluctuations may be studied by means 
of suitable forms of atmometers. The spherical porous-porcelain form of 
atmometer is specially useful for this purpose, and the radiation (sunshine) 
influence on evaporation may be estimated by means of porous-porcelain 
atmometers with blackened spheres (10). The recently introduced “soil- 
point 7 ’ method furnishes a promising means for measuring and comparing 
the various magnitudes of the water-supplying power of the soil for dif- 
ferent places and for different depths. This method will be described a 
little farther on. 

To understand the water relations of any plant individual or group of 
plants, such as those- in a garden bed or an agricultural field, it is first 
necessary to secure suitable measurements of these two dynamic environ- 
mental conditions. But it is not primarily necessary, unless details are to 
be specially studied, to secure precise comparative measurements of these 
conditions when their intensities lie within the range of safety for the 
plants. For general ecological and agricultural studies it is at first re- 
quired only that we know whether the intensities of these conditions surpass 
the limits of their respective safety ranges, and to know when, for what 
periods in the growing season, and how much they do so. It is of course 
necessary to know also the values of the critical limits for the particular 
plants that are being studied, for these may be expected to differ with the 
kind of plant and with its size, vigor and general health. There appears 
to be, however, generally no absolute limit to the safety range of either 
evaporation or the water-supplying power of the soil, considered separately, 
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for the limit of one of these conditions for any plant is itself partly deter- 
mined by the concomitant intensity of the other. For example, a very low 
water-supplying power of the soil about its roots may suffice for healthy 
growth of a given plant when the evaporation conditions are also at very 
low intensities, while even a very high water-supplying power may not 
suffice to maintain turgor and growth in the same plant when evaporation 
is very intense. 

To approach this somewhat complicated set of dynamic relations it will 
be necessary first to make general and exploratory surveys of the relation 
of plant health to evaporation and to the water-supplying power of the soil. 
Later work may deal with greater detail and with greater precision of 
experimentation, of statement and of reasoning, but the quantitative and 
dynamic aspect of plant water relations constitutes a field of research so 
newly opened and at present so little understood that it must first be entered 
by means of relatively superficial and reconnaissance surveys. Neverthe- 
less, such surveys must be distinctly quantitative in character and they 
surely need to approach the subject of plant water relations from the point 
of view of the dynamics of the processes involved. 

The investigations reported in this pape'r are of the reconnaissance type 
just suggested. They were planned to give orienting information on the 
general relation of plant health, wilting, withering, and death, to the gen- 
eral evaporation conditions of the aerial environment and to the water- 
supplying power of the soil for Baltimore lawns and similar areas in 
grasses. They were epecially planned to study the usefulness and prom- 
ise of the soil-point method itself, as an aid to physiological ecology and to 
scientific horticulture, agriculture, forestry, and other lines of study dealing 
with plant growth. The main aim was to study the fluctuations in the 
water-supplying power of the soil in comparison with corresponding altera- 
tions in plant health, as the latter were recorded in accordance with the 
results of ordinary observations of color and other aspects of leaf condition. 
It was hoped that a value of the water-supplying power of the soil might be 
roughly determined for the evaporation and other climatic conditions dealt 
with and for certain kinds of plants, above which value vigor and health 
might be maintained but below which drouth injury might be expected to 
begin soon unless cloudy weather, rain or irrigation intervened. Attention 
was to be given to the correspondences between different magnitudes of the 
water-supplying power of the soil and the several concomitant phases of 
drouth injury, and especially to any differences that might be indicated 
between the different plant forms studied, with regard to the characteristic 
critical magnitudes of the index of water-supplying power for the several 
forms. The critical value of this index corresponding to such a plant 
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response as the beginning of wilting, bad withering, or vegetative death, is 
not the same for all kinds of plants and this value seems to constitute a 
criterion for comparing drouth resistance in different plant forms, in so far 
as that resistance is related to the soil-moisture supply. Only the studies 
on conditions in the open are reported in this paper; those on greenhouse 
conditions are to be considered in another publication. 

This work was done at the Laboratory of Plant Physiology of the Johns 
Hopkins University, under the guidance of Professor Burton E. Livingston, 
director of the laboratory, and with frequent suggestions and advice from 
him. Professor Livingston has helped very much in the interpretation of 
the results and in their organization and presentation as they are set forth 
here. The writer is indebted to Professor J. S. Ames, of the Johns Hopkins 
University, who, as president of the Baltimore Country Club, very kindly 
made the Club grounds available for a series of tests on the golf course. 
Thanks are especially due to Mr. Robert Scott, greenskeeper of the Balti- 
more Country Club, for much helpful information and for many courtesies. 

II. Some considerations for an analysis of the relations of plant health 
and vigor to evaporation and to the water-supplying 
power of the soil, as these relations are 
dealt with in the present paper 

When a plant of the ordinary type is continuously and adequately sup- 
plied with water from the soil about its roots and when the evaporation 
conditions affecting its foliage are not too severe, then the plant continues 
healthy and vigorous and completes its seasonal growth, provided, of course, 
that the other influential conditions (such as those of temperature, light, 
supply of nutrient salts, etc.) all lie within their respective intensity ranges 
for health. Assuming the maintained adequacy of the non-water condi- 
tions, a deficiency in the value of the ratio of water supply to water loss may 
at any time in the growing season bring about the retardation or cessation 
of enlargement, or the wilting or withering of the leaves, roothairs, etc. 
The effect of such water deficiency depends upon its intensity and that, in 
turn, depends on the duration and intensity factors of the two prime en- 
vironmental moisture conditions, evaporation and the water-supplying 
power of the soil. For any given set of evaporation conditions that does 
not overtax the capacity of a given plant to absorb and conduct water (in- 
ternal conditions), turgor and vigor are maintained as long as the water- 
supplying power of the soil is greater than a certain critical minimum, a 
minimum corresponding specifically to the plant and its condition and to 
the concomitant evaporating power of the air. When the water-supplying 
power of the soil adjacent to the roots becomes lower than this critical value 
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the plant begins to lose water somewhat more rapidly than water enters its 
body, and drouth injury soon sets in. If these relations are maintained, 
and especially if the water-supplying power decreases with the lapse of time 
(as it commonly does in a drouth period) , even though the evaporation con- 
ditions may maintain the same characteristics as were originally assumed, 
the drouth injury becomes rapidly greater and death and the drying-up of 
leaves and other parts ensues sooner or later. The same progressive re- 
sponse on the part of the plant may of course be brought about when the 
water-supplying power of the soil remains unchanged with reference to the 
root surfaces, but when the evaporation conditions become progressively 
more severe. Finally, as occurs in most drouth periods, these responses of 
the plant are greatly accelerated when both influences work together toward 
an increasing general aridity of the environment ; that is, when the evapo- 
rating power of the air progressively increases while the water-supplying 
power of the soil progressively decreases. 

Drouth injury, however caused, is generally first noticed as a slowing 
down and cessation of growth, followed progressively, as a drouth period is 
prolonged, by the beginning of wilting and its advance through various 
stages that lead at length to withering and death, first of the leaves, root- 
hairs and other of the more deciduous parts, but finally of the whole plant, 
or all but certain dormant portions. Supposing that the effective tran- 
spiring surface and the effective water-absorbing surface of the plant remain 
constant or do not alter in their relation to each other, if we consider the 
evaporation conditions as remaining alike, day after day, as the supposed 
drouth period continues, while the water-supplying power of the soil in 
contact with the plant roots is considered as continually decreasing, there 
should be a definite value of the water-supplying power that should corre- 
spond to each phase or stage of the advance of drouth injury ; but, beginning 
with the first onset of this injury, the time required for any stage of wilting 
or withering to be reached must differ according to the intensity of the 
evaporation conditions, the kind of plant and its initial physiological con- 
dition, and the rate at which the water-supplying power of the soil decreases. 
This rate of decrease itself depends, however, largely on the evaporation 
conditions, which determines in general the rate of water loss from the soil, 
both directly and through absorption and transpiration by the given plant 
cover. For a given set of initial plant conditions and a given kind of soil, 
the time elapsing from the beginning of drouth injury (or perhaps from the 
last preceding rain or irrigation under some circumstances) to the attain- 
ment of any given phase of wilting, etc., should be perhaps approximately 
proportional to the accumulated total of evaporation from a suitable stand- 
ard atmometer surface. Such a proportion as this can of course be true 
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only in cases in which the influential non-water conditions do not become 
limiting and in which the plant considered does not in the meantime pass 
into another phase of growth, metabolism or drouth resistance essentially 
different from that prevailing at the onset of drouth injury. The proposi- 
tion should perhaps apply approximately to plants in their vegetative phase, 
which is generally maintained throughout the growing season for the plants 
of a frequently mowed lawn, and within the period of good temperature 
and light conditions for growth. 

One additional feature of the soil-moisture relations of the ordinary 
plant needs to be mentioned here ; namely, the role apparently played by 
the actual process of enlargement in rootlets and roothairs. This is a phase 
of the water-relations problem that has only recently been considered at all 
and the time is not yet ripe for an attempt to discuss it thoroughly. Never- 
theless, the formation of new absorbing surfaces in the soil appears to be 
so important, in the light of recent indications, that it cannot be longer 
omitted from such discussions as this. Its consideration enters prominently 
into certain features of the theory and operation of the soil-point method 
for measuring the water-supplying power of the soil. 

It appears highly probable that the roots of a vigorous plant are gen- 
erally in process of actual elongation, forming new rootlets and roothairs 
continually, at least as long as the tops are enlarging and producing new 
transpiring surfaces. It may well be, as has been suggested many times, 
that there is some sort of physiological correlation between top growth and 
the enlargement or renewal of the water-absorbing surface of the root 
system. At any rate, it seems to follow from the Dixon theory (3) of the 
maintenance of plant water relations (involving the frequent or continuous 
presence of more or less strain in the water mass of the plant, practically co- 
extensive with the plant body) that prolonged wilting or withering of 
foliage must generally be accompanied or shortly followed by a correspond- 
ing wilting and withering of roothairs and rootlet tips. Caldwell (2) has 
noted the withering of roothairs in connection with serious wilting of the 
tops of culture plants that had come into this condition with relatively low 
transpiration rates. It seems logical to suppose that, when growth of tops 
ceases because of drouth (even before serious wilting occurs), the growth 
rates of the underground parts are simultaneously greatly retarded or 
checked. On the basis of such a supposition and its corollaries, one of the 
dynamic characteristics of a vigorous plant should be a more or less rapid 
and continual enlargement or renewal of its subterranean absorbing sur- 
faces, and such actual root growth may well be essential to adequate water 
absorption, especially with moderate or high transpiration rates and rela- 
tively low water-supplying powers of the soil. Instead of acting as a 
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system of stationary absorbing surfaces, taking up water from the soil films 
as it moves to these surfaces, the healthy root system may act somewhat as 
a moving wiper ; rootlets and roothairs may continually extend themselves 
info soil regions hitherto untouched by them, absorbing some water from 
these regions and then expanding into other regions. In this connection it 
may be noted that roothairs are known generally to wither and die after 
only a comparatively brief existence. There is thus suggested the very im- 
portant and fundamental question, apparently not yet seriously treated in 
the literature, whether the water absorbed by root surfaces has mainly 
migrated to these surfaces from more or less distant regions of the soil, or 
whether continually renewed contact with the thicker and more mobile soil- 
moisture films and wedges is made and maintained by the actual advance 
of the absorbing surfaces (rootlets and roothairs). This is a question that 
needs serious study ; it is not taken up in the studies here reported except- 
ing in' an inductive manner with regard to the formulation of working 
hypotheses. 

Connected with the probability that root systems actually and dynamic- 
ally operate, in vigorous plants, to grow to the soil moisture and to “wipe 
it up,” is a point of soil physics recently emphasized by Pulling (18), 
Veihmeyer (22, 23) and others; namely, that the capillary movement of 
water (soil solution) in well-aerated soils is very slow indeed and probably 
quite inadequate to account for the usual rates of root absorption. Combin- 
ing this condition with that presented in the preceding paragraph, it seems 
likely that the onset of visible wilting in plant foliage may generally be 
accompanied or preceded by a retardation or cessation of a very essential 
wiping-up action on the part of the rootlet and roothair surfaces, thus 
possibly signifying a very marked and perhaps sudden decrease in the 
water-absorbing power of the root system. If this picture be a true one, 
the values of the supplying power of the soil with "which ecology and agri- 
culture need primarily to deal are the initial values of the water-supplying 
power, representing the power of the soil to deliver water to a recently 
placed absorbing surface. It may be that most of the water taken from the 
soil by a root system enters through the newly formed and newly placed 
surfaces of capillary contact that are continually resulting from the active 
penetration of rootlets and roothairs into new regions of the soil. Conse- 
quently, the water-supplying power that we need primarily to measure, as 
the main environmental condition directly influencing the rate of water 
absorption by plants, may be the supplying power encountered during per- 
haps only the first hour or two after an adequate absorbing surface has been 
brought into contact with the soil at the depth to be considered. These possi- 
bilities and probabilities are of the utmost importance in interpreting the 
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results of soil-point tests, for these tests generally give supplying-power 
indices only for the first hour of exposure of the absorber to the soil. 

Ill The soil-point method for measuring the initial water-supplying 

power of the soil 

Although the water-supplying power of the soil has been considered for 
a quarter-century or more ( 9, 11, 18, 19) as a dynamic environmental con- 
dition deserving of very serious attention in plant physiology and in the 
ecological branches of botanical science, no attempts have been made to 
measure it in field studies until very recently. Such attempts as have been 
made have followed the work of Livingston and Koketsu (13), done in 
this laboratory in 1920, in which those writers duly emphasized this feature 
for the first time and introduced the method thus far used in its measure- 
ment. That method is now known as the soil-point method. It has been 
studied and emphasized by Mason (16), by Hardy (4, 5), by Thone (21), 
by Shapovalov (20), by Livingston and Ohga (14) and by Livingston, 
Hemmi and Wilson (12). The interesting and promising results secured 
by the authors of the next to the last reference, from the study of a Balti- 
more lawn during the summer of 1924, formed the starting-point for the 
investigations of 1925 and 1926 that are reported in the present publication. 

The soil-point method here employed differs but little from that de- 
scribed by Livingston and Koketsu and is essentially like that followed by 
Livingston and Ohga. Small porous-porcelain cones (“soil-points”) are 
used as standard absorbers. The present form of soil point consists of a 
hollow, cylindrical portion (1.4 cm. in outside diameter and 2.5 cm. high 
with a wall about 3 mm. thick), open only at the top but continuous below 
with a conical portion (5 cm. high, with a wall about 3 mm. thick) that 
terminates in a point at its lower end. These pieces are externally well 
water-proofed near the point and throughout the cylindrical part and the 
upper portion of the conical part, leaving an unwater-proofed absorptive 
band or zone on the external conical surface. This absorptive zone is 2 cm. 
wide and has a diameter of 2.2 cm. at its upper margin, 1.5 cm. at its lower 
margin, and therefore represents about 12 sq. cm. of external absorbing 
surface. 

These porcelain pieces are introduced (air-dry) into the soil at the spots 
where the water-supplying power is to be determined, an opening having 
been first made by means of a suitable steel dibble with properly shaped 
conical point. They are pressed firmly into place, with a slight twisting 
motion, and are left in position generally for one hour. (Livingston and 
Koketsu employed a two-hour period, but the shorter period is more satis- 
factory.) They are then removed, brushed quickly to remove adhering soil 


WILSON — INTERPRETATION OP WATER-SUPPLYING POWER 393 

particles, and returned to a corked glass container that will accommodate 
either one or two instruments. The original weight of each container with 
its one or two instruments is known at the start and the difference between 
that and the corresponding weight after exposure represents the weight of 
water gained during the exposure. The amount thus gained for each in- 
strument, recorded in milligrams in these studies, is considered as a measure 
of the initial water-supplying power of the soil at the point where the test 
was made. The solute content of the water absorbed is ignored as insig- 
nificant. By introducing the instruments vertically into the soil from the 
otherwise undisturbed surface of the ground, the middle of the absorbing 
zone may be brought to lie about six centimeters below the ground level. 
For tests at greater depths a preliminary excavation is made. 

In order that the amount of water absorbed in an exposure period may 
represent the power of the soil to supply water during that period, it is of 
course necessary that the instrument shall possess an absorbing power for 
water greater than the supplying power to be measured and that this rela- 
tion shall be maintained throughout the period of exposure. The instru- 
ment must take up water as fast as the liquid comes to the absorbing sur- 
face. It is patent that the absorbing power of porous-porcelain decreases 
rapidly as water is absorbed and the results secured by the soil-point method 
from very moist soils are therefore surely always relatively much too low, as 
has been emphasized by Livingston and Koketsu. This consideration has 
formed a part of another study by the writer, not here reported on, and it 
seems to be clear that the special relation just stated is maintained for at 
least an hour when these instruments are placed in soils that are not obvi- 
ously rather moist. The readings of the present study are probably satis- 
factory indications of the water-supplying power of the soil in all cases 
where their values are less than about 600 mg. For higher values an in- 
crement of correction should be added, its magnitude being of course pro- 
gressively larger as the observed value is higher. 

In these studies no attempt was made to correct the higher values, but 
such corrections may perhaps be introduced at a later time, when the results 
of further studies on the soil-point method may be brought together. For 
present purposes, and probably for nearly all purposes of ecological and 
physiological inquiry for a long time to come, such corrections are unneces- 
sary, for the reason that soil water-supplying powers that are above the 
value where a correction of this sort begins to be requisite appear generally 
to be adequate to support vigorous growth in upland plants of temperate 
regions. In interpreting the higher values, for wet soils, it is mainly de- 
sirable only to note that the value is well above the danger-point for the 
plants considered, but a series of these higher values secured at successive 
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times does clearly indicate the rapid falling-off in the water-supplying 
power of the soil after the occurrence of a rain or other wetting of the soil. 
For lower values the results may apparently he considered as approximately 
comparable, and the instrument is therefore adequate for comparing the 
critical water-supplying-power values that correspond to the beginning of 
wilting, etc., for different plant forms. As will be seen in the following 
accounts, the plants studied generally grew vigorously as long as the sup- 
plying-power index was above about 500 and special interest in the values 
of this index as related to drouth effect is mainly confined to a range below 
500. Further details in this general connection are to be gathered from 
succeeding pages, where actual readings are under consideration. 

Since the amount of water absorbed by a soil point is influenced by the 
area of the absorbing zone of the instrument, as well as by the duration of 
its exposure to the soil and the water-supplying power of the latter, the 
actual values of soil-point readings need always to be considered with refer- 
ence to the particular form of soil point used. (The instruments employed 
by Livingston and Koketsu were slightly different from those now in gen- 
eral use, and they employed a, two-hour period instead of the one-hour 
period used in the present studies. Mason and Haroy used ordinary, 
mechanically sharpened lead-pencils as soil points.) It should be possible 
to bring into a homogeneous series readings made with different absorbing 
surfaces, by dividing each reading by the area of the particular surface em- 
ployed in securing it, thus expressing the water-supplying power of the soil 
always with reference to the same extent of area of absorption. This sort 
of treatment will soon be desirable but it is not generally resorted to in the 
present report, since the data here considered are all derived from the same 
type of soil point, with only very slight variation in the area of the absorb- 
ing zone. Since this area uniformly is about 12 sq. cm. in extent, the water- 
supplying power for a square centimeter of cross-sectional area of the soil 
may be secured in any case by dividing the given reading index value by 12. 

The soil-point method introduces a modification in the packing of the 
soil at the very place where readings are to be taken. The insertion of the 
steel dibble prepares the opening and the soil surface for the application 
of the soil point itself, and this operation is performed by compacting to 
a considerable extent the soil adjacent to the dibble. This process of com- 
pacting must generally result in decreasing the volume occupied by unit 
volume of undisturbed soil, and consequently in generally making the volu- 
metric water content somewhat larger after compacting. In general, this 
modification increases the initial water-supplying power of the soil, and 
soil-point readings are therefore generally somewhat higher than they would 
have been had the soil against the absorbing surface not been artificially 
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compacted. While this feature of the soil-point method will require atten- 
tion. as the method comes into more general use, the “error” is presumably 
approximately uniform, and the empirical outcome of such studies as those 
reported in this paper shows that it may safely be ignored for most field 
work. It amounts to this, that any soil-point determination indicates an 
initial water-supplying power for an aerated soil somewhat higher than the 
actual supplying power at the given place before the soil was compacted 
by the dibble. 

As has been said, the soil-point readings given in the following pages 
are expressed as milligrams of water delivered to the absorbing surface of 
a single instrument in one hour of exposure, and they generally refer to the 
six-centimeter depth. Considered as numerical indices of the water- 
supplying power of the soil, they are regarded simply as relative values, the 
actual unit of weight being generally omitted. Thus, for a given reading 
of 120 mg,, for example, the corresponding index value is simply 120. 

IY. A seasonal study of Kentucky blue-grass and white clover 
Methods and observations 

It is generally appreciated that the condition of a plant at any time 
has come about under the influence of more or less fluctuating environmental 
conditions that have been acting since the plant began its growth. This 
plant condition may be regarded as the summed or integrated effect of all 
these past influences, harmful as well as beneficial, but the effect of the more 
recent environmental conditions is more apparent and more easily studied 
than are the effects of less recent influences. Among the environmental 
conditions that produce quick and conspicuous responses in plants during 
the growing season are especially those of soil moisture and evaporation. 
The studies here reported deal with the wilting and drying of plant leaves 
resulting from drouth periods in the growing season, and with the recovery 
of the plants when moisture conditions become again favorable for growth. 

A well-established lawn, of grasses and other plants that grow well in 
the region considered, should offer an excellent opportunity for studying 
these water relations. Lawn grasses are generally shallow-rooted, being 
consequently especially sensitive to changes in soil moisture and evapora- 
tion, for they are dependent for their water on the surface layer of the soil, 
which is subject to great and rapid variations in water content as the 
weather changes. When, in the growing season, the supply of soil moisture 
becomes insufficient to maintain turgidity in the upper parts the leaves wilt 
and, if this insufficiency persists long enough, death and drying-up ensue. 
Although dead grass leaves generally remain in position, they draw prae- 
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tically no water from the roots. The subterranean buds and many roots 
may remain dormant for a time, and new leaves are quickly produced when 
the moisture supply becomes once more adequate for growth. 

Lawn grasses are specially suitable for observation in regard to moisture 
conditions, on account of the fact that, as drouth proceeds, the leaves change 
color from green through several shades to brown, so that the whole lawn 
conspicuously and progressively alters its color. Also, when the supply of 
soil moisture becomes again adequate for renewed growth the whole lawn 
promptly becomes green, through the production of new leaves. Several 
other lawn plants, besides the grasses, although their changes may not be so 
readily observed, show somewhat parallel responses to alterations in the 
moisture conditions of the soil and air. 

The lawn referred to in this part of the present study is in the central 
quadrangle of the Johns Hopkins University grounds at Homewood, Balti- 
more. The lawn plants were strong and vigorous in the spring of 1925, 
when the observations were begun, the lawn having been started nine years 
earlier. Weeds were very infrequent except for several small areas of crab- 
grass (Syntherisma sanguinalis L.), which became conspicuous in July and 
disappeared in the early fall. Kentucky blue-grass (Poa pmtensis L.) is 
the main plant throughout most of the lawn, although some areas are densely 
populated by white clover ( Trifolium repens L.), which appears in the 
spring somewhat later than the blue-grass and disappears earlier in the fall. 

The soil of this lawn is a rather heavy loam (Sassafras loam) with only 
a little organic matter. The area is level but well draind on account of its 
elevated position, and it is freely exposed to wind and sunlight. Even with 
heavy rains there is but little surface run-off. The water-holding capacity 
of the surface soil, determined by the Hilgard method, is from 48 to 54 
per cent, of its volume (51 to 56 per cent, oh the dry- weight basis). 

The series of observations here considered was begun April 1, 1925, and 
continued until the following October 31, thus covering a period of 214 
days. This period was a little longer than the actual frostless season for 
1925. The last spring frost occurred on April 7, and the first autumn 
frost occurred October 11, but the second autumn frost was delayed until 
October 28. The latter part of March was favorable for the initiation of 
plant activity, and the lawns remained green until the middle* of December. 
Since the plants studied are not specially sensitive to frost, the period of 
these observations may closely represent the growing season for the year 
considered. The average or normal frostless season for Baltimore extends 
from April 4 to November 3, a period of 213 days (15) and the period of 
the present observation is seen to be almost the same as the normal. 

The water-supplying power of the soil was determined by the soil-point 
method, at intervals of from two to six days, depending upon the condition 
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of the plants and the weather. At each observation four soil points were 
used, these being placed, with the aid of a steel dibble, at spots selected to 
be representative of the general condition of the lawn. Care was taken to 
avoid by a distance of at least 30 cm. every one of the little pits remaining 
from earlier tests. Each instrument was always so placed that the middle 
of the unwater-proofed portion was about 6 cm. below the surface of the 
soil. The time period for a test was an hour in every case. 

The observation period was not shortened when the soil was very wet, 
as was done by Livingston and Koketsu. It therefore follows, as has been 
mentioned, that the readings secured when the soil was wet are more or less 
too low, if direct comparison is made between them and readings from drier 
soils. Since, however, such direct comparisons are not needed in the 
present study of lawn conditions, no attempt has been made to care for 
this point. The critical soil-moisture condition in which we are specially 
interested (that is, the point at which the plants begin to show drouth in- 
jury) corresponds to a very low soil-point reading. When the reading is 
above 500 mg. it is safe to consider that the plants are not suffering from 
soil-moisture deficiency, and any higher reading is to be taken as an indi- 
cation of adequate water -supply. In the present connection it is not neces- 
sary, excepting in a very superficial way, to make quantitative comparisons 
between different readings when all are above this approximate limit. Our 
main interest is in index values below 500. 

Upon removal from the soil at the end of the one-hour period each soil 
point was quickly brushed to remove adhering soil particles and was then 
immediately returned to the weighing tube. Two of the cones were usually 
weighed together in the same tube, both before and after use. Record was 
finally made of the average gain per instrument, expressed in milligrams. 
But the numerical values are frequently considered simply as relative 
indices and are consequently stated as abstract numbers in the following 
pages, as has been- said. Each value is the average of four tests. 

At each determination of the water-supplying power of the soil notes 
were made on the hardness of the soil, the general appearance of the lawn 
plants, and occasionally on the general condition of the surrounding vege- 
tation. On some small areas of the lawn where the effects of drouth were 
specially pronounced the successive appearance and disappearance of cer- 
tain species during the season were particularly studied. Attention was 
also given to changes in the make-up of the visible plant population as the 
season advanced, especially with reference to blue-grass and white clover. 

The growth condition of the lawn plants, as judged by appearance, was 
recorded at the time of each observation. Five different conditions were 
arbitrarily chosen for use in making these records. They may be defined 
as follows, the numbers representing score values : 
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4. Plants in excellent condition. 

3. Plants in good condition. 

2. Leaves wilting and changing color. 

1. Leaves very brown. 

0. Leaves dead. 

“Excellent condition 7 ’ denotes maximum greenness and luxuriant, thick 
growth. “Good condition” denotes less vigorous plants, but this condition 
is generally regarded as satisfactory for lawns. “Wilting and changing 
color” denotes the wilting of many leaves and the conspicuous loss of green- 
ness by some. “Very brown” denotes the condition when about half of 
the leaves are brown. “Dead” denotes the almost entire lack of any green 
leaves, the lawn appearing wholly brown or tawny. 

Since other environmental conditions are influential in determining the 
critical values of the soil-moisture conditions, with reference to wilting and 
to the general health of plants, evaporation and sunshine records were kept 
throughout the season. Livingston standardized radio-atmometers (10) of 
the spherical type were used for securing evaporation and sunshine data. 
The instrument consists of two porous-porcelain spheres, one black and the 
other white, operated side by side. The corrected water loss from the white 
sphere for a given period is taken as a measure of the average evaporation 
intensity for that period and exposure, aside from the influence of sunshine. 
The corresponding corrected loss from the black sphere is taken to indicate 
the total evaporation intensity, including the effect of sunshine. A value 
for the effect of sunshine, as it influences evaporation from the standard 
spherical surface, is secured by subtracting the corrected loss by the white 
sphere from the corresponding corrected loss by the black sphere. Three 
of these double instruments were operated simultaneously and read daily 
at six o’clock in the evening, the average corrected loss from the white 
spheres (e), the average corrected loss from the black spheres (E), and the 
average difference (E-e) being recorded for each day. The instruments 
were freely exposed, 1.5 m. above the ground and 35 m. from the edge of 
the lawn area studied. 

Data on daily sunshine duration, air-temperature, and precipitation were 
secured from the Baltimore office of the United States Weather Bureau, 
which is situated about 4 miles south of the Homewood grounds. In spite of 
this difference in location the Weather Bureau data are surely valuable in 
connection with this study. 

All of the numerical data for this seasonal study are presented in table I. 
Column one shows the dates of observation and column 2 shows the length 
of each period between soil observations. In columns 3, 4, and 5 are given 
the atmometer averages as above defined, the number given in each case 
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Evaporation, sunshine, temperature and precipitation values, together with values 
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TABLE I ( Continued ) 
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being the mean of the daily averages for the corresponding period between 
the dates of the soil observations ; these means are expressed as cubic centi- 
meters of water loss per sphere per day. In column 8 are given the average 
mean daily values of sunshine duration (L) for the same observation 
periods, the duration being measured in hours. Air-temperature data (T, 
degrees F.) are presented in column 7 in the same way as are the evapora- 
tion values already noted, each value being the average of the daily means 
for the corresponding period. In column 8 is given the actual rainfall value 
(P) for each day when precipitation of 0.01 inch or more occurred. The 
values of the water-supplying power of the soil ( S , expressed as milligrams 
of water absorbed per soil point in the one-hour exposure) are given in the 
last column of the table. In columns 9 and 10 are indicated, by the numer- 
ical symbols or scores described above, the growth-condition of the two main 
plants, Kentucky blue-grass and white clover, respectively, at the several 
times of observation. 

The growing season of 1925 was marked by unusual weather for Balti- 
more. The spring was somewhat drier than usual. June established a 
record for high air temperature, the average daily mean for the month being 
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2° F. above the highest previous record for this station. On July 1 the 
accumulated rainfall deficiency since January 1 was 7.4 inches. June was 
also a month of very high evaporation, the highest of the twenty-one months 
of the three frostless seasons, 1923, 1924, and 1925, for which records are 
available. As a result of the long period' of drouth and hot weather the 
vegetation of the Baltimore region was showing marked evidence of drouth 
injury in mid- July; most unirrigated lawns showed practically no green 
color. Many of the other plants of the Homewood grounds had lost much 
of their foliage or had even succumbed to the drouth in some cases. For 
example, many of the hemlocks in the hedges of the Botanical Garden, which 
are regularly pruned to a height of about 80 cm., were actually killed and 
had to be replaced subsequently. The vegetation generally returned to its 
normal condition by the end of July. Early in August a second but less 
pronounced drouth set in and continued with increasing severity until the 
end of September, at which time the accumulated deficiency of rainfall since 
the beginning of the year amounted to 11.5 inches. In spite of several rains 
in August and September the vegetation, and especially the lawn plants, 
showed increasing drouth effect, and the lawns appeared brown throughout 
the latter month. The September drouth was accompanied by unusually 
high evaporation for the month as well as by great deficiency in precipita- 
tion. October began with several days of rain, with the occurrence of which 
the second drouth period promptly came to an end. A high water-supplying 
power of the soil was evident by the end of the first week of October and the 
lawn plants rapidly came into good condition, which was maintained until 
browning due to low temperatures finally set in about December 15. 

Discussion of results 

Some of the data of table I are presented in the graphs of figure 1. Dates 
from April 1 to October 31 are indicated by equal spacing on the base line, 
and the various values that are to be compared are shown as ordinates. The 
data for November 10 and 19 are not shown on the graphs. The ordinate 
scale for any single graph is of course uniform throughout, but the scales 
for the different graphs are not generally quantitatively related, being arbi- 
trarily chosen, merely for convenience in bringing out the successive rises 
and falls of the several values plotted. 

The continuous broad line represents the soil-point readings ( S ), taken 
from the last column of table I. In this graph, as well as in the graphs for 
evaporation and plant condition, the tops of the adjacent ordinates are arbi- 
trarily joined by straight lines for ease in reading. In the case of the pre- 
cipitation data (table I, column 8) the lengths of the vertical lines represent 
the respective ordinates and no connecting lines are introduced. The posi- 
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tions and lengths of these lines consequently present the dates and amounts 
of rain. The dotted line presents the data for total evaporation (E, column 
3, table I). The growth condition for blue-grass (column 9, table I) is 
shown by the continuous narrow line and that of white clover (column 10, 
table I) by the broken narrow line. In these two graphs the condition indi- 
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Fig. 1. Graphs of data given in table I, showing fluctuations, throughout the sea- 
son, in water-supplying power (broad continuous line), in evaporation (dotted line) and 
in condition of Kentucky blue-grass (narrow continuous line) and of white clover (nar- 
row broken line) , Precipitation is shown by positions and lengths of vertical lines. Part 
II of this figure continues Part I. 
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eated by 0 is plotted on the base line and conditions 1, 2, 3, and 4 are respec- 
tively indicated at four equally spaced intervals above. Some of the promi- 
nent features brought out by these graphs will now be mentioned. 

The water-supplying power of the soil was indicated as high (above 
1000) at the beginning of the period but it soon fell rapidly to low values 
(between 200 and 150), increasing again to the high values recorded for 
April 28 and May 1 (above 1700). Another rapid fall then occurred and 
the value for May 24 is only 24. The heavy rain of May 24-25 caused 
another rise in the water-supplying power but this was only temporary and 
the first prolonged drouth period of the season had set in by June 1, with 
a value of 93. With minor fluctuations and in spite of the heavy rain of 
July 7, the observed value remained low until July 22, the first drouth 
period coming to an end with the rain of that date. 

Turning to the graphs for plant condition it is seen that both blue-grass 
and white clover were in poor condition at the beginning of the season, 
because spring growth had not yet fully set in at that time; although the 
soil-moisture conditions had been excellent, yet the preceding low tempera- 
tures had retarded development. Both plants were in excellent condition 
on April 19 and their condition continued good until about May 24, on which 
date was clearly indicated the beginning of drouth retardation. This effect 
was immediately brought to an end, however, by the rain of May 24-25, to 
which both plants responded, as is indicated by the observation of May 29. 
Both plants showed evidence of marked drouth effect during the first week 
of June and their leaves had all died by June 9. They recovered slightly 
with the rains of June 22-25, but showed no considerable growth until the 
end of the first drouth period, after July 22. 

After the temperature conditions became favorable for growth in the 
spring the plant condition, as here indicated, followed the water-supplying 
power of the soil, but with a considerable lag in time. It is interesting to 
note that the period from June 9 to June 22 is characterized by exceedingly 
low values of the soil-moisture index as well as by very poor condition of 
both plants. It is also to be noted that small fluctuations occurred in the 
soil-moisture index without being accompanied by visible plant responses. 

The rainy period that followed the first drouth quickly brought both 
plants into good condition. Both again showed drouth effects on August 
29 but they quickly showed some recovery after the rain of August 31. In 
the meantime the water-supplying power of the soil, which was very high 
at the end of July, fell to the low values indicated for the second drouth 
period, which in turn ended with the rain of October 2. A temporary in- 
crease in the soil-moisture value is indicated for September 1, but this second 
drouth period may be considered as practically continuous until October 2. 
With the exception just mentioned, the values of the soil-point readings 
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throughout this drouth period were generally about 100 or below. During 
this period the blue-grass plants were affected increasingly and appeared 
dead during the last 6 days. While the clover plants showed considerable 
injury at the end of this drouth, their foliage was not completely killed. 
This difference between the two plants may be due to greater drouth resis- 
tance on the part of the clover ; it is probably related to the deeper-rooting 
habit of this plant. 

After October 2 the soil-moisture index rapidly increased and for the 
rest of the season remained above 296 (the value for October 12). The 
blue-grass regenerated and was in excellent condition from October 21 on ; 
but the clover did not reach the condition designated as excellent. Perhaps 
it was more seriously injured by the preceding drouth than was the blue- 
grass, even though it did not show it at the time of that drouth, or it may 
be that this failure of the clover to recover in the autumn was due to tem- 
peratures inadequate for good growth of this plant. General observation 
supports the idea that clover requires higher temperatures than does blue- 
grass. 

Considering in particular the periods of high water-supplying power, it 
is of course obvious that each of these periods begins with a heavy rain or 
with the accumulated effect of several lighter rains. The effect of a rain 
in increasing the soil-moisture content, and consequently the water-supply- 
ing power of the soil, is dependent not only upon the amount of precipita- 
tion but also upon the kind of soil, its physical condition and its previous 
water content, the vegetation cover, and the rapidity of the precipitation as 
related to the slope of the soil surface. For all cases where the influence 
of rain is shown by the data of the present study the kind of soil and its 
physical condition, as well as the vegetation cover, were generally about the 
same. As to the rate of rainfall and the slope, it is clear that some of the 
water falling upon any small area of soil runs off to adjacent lower areas, 
if such are available, whenever precipitation is more rapid than absorption 
of water into the soil where the rain falls. It commonly occurs, even on 
lawns that are approximately level, as this one is, that the soil in slight hol- 
lows receives considerably more water from a shower than does the rest of 
the area. This was frequently noted on the lawn here studied. It was also 
noticed that the slight hollows were generally apt to be dominated by clover, 
although not to the entire exclusion of blue-grass. With the exception of 
these slight hollows, blue-grass is generally dominant throughout this lawn. 

A very slow rain may be entirely absorbed where the water falls, in which 
case these phenomena of surface drainage would not occur. For any given 
kind of soil, physical condition, vegetation cover and slope, there should be 
some maximum rate below which precipitation water absorbed by the soil 
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at any point should be equivalent to the actual precipitation at that point. 
Since the vegetation cover usually retards superficial flow of accumulated, 
unabsorbed water, it appears that differences due to this kind of drainage 
should be less pronounced where vegetation is dense than where it is sparse. 

With these ideas in mind it is interesting to examine the supplying-power 
graph of figure 1, in comparison with the rainfall data. It may be noted 
in many cases that rapid heavy rains had comparatively little effect in alter- 
ing the supplying-power value, while in other cases rains of less total depth 
but more gradual, or several relatively light showers occurring at short in- 
tervals, increased the supplying-power value at the 6-cm. depth to a much 
greater extent. Several light rains of late April resulted in very great in- 
crease in the water-supplying power of the soil. The rapid, heavy rain of 
May 24 increased the supplying-power reading from 24 (May 24) to 1015 
(May 26). On July 7 a short, rapid shower of about the same depth had 
but little effect, increasing the water-supplying power only from 16 (July 3) 
to 264 (July 8). The light shower of July 21, followed the next day by a 
rain of medium depth, raised the soil-moisture value greatly, from 55 (July 
20) to 1846 (July 24). Rains totalling almost 3 inches in the next ten days 
maintained the water-supplying power at a high value. The rains of 
August 20 and 21, totaling 0.82 in., resulted in only a slight increase in the 
supplying-power reading, from 82 (August 18) to 200 (August 22). Sim- 
ilarly the rain of August 31 resulted in raising the water-supplying power 
only from 35 (August 29) to 383 (September 1) . The relatively slight in- 
crease in the water-supplying power from 32 (October 1) to 264 (October 
5) was the result of rains occurring on October 2, 3, and 4, totalling 1.77 
in., but the slight rain of October 9 raised the water-supplying power to 
826. The last two instances furnish an example of a marked influence ex- 
erted by the water content of a soil before the occurrence of a given rain in 
determining the influence of that rain on the water-supplying power at the 
6-cm. depth, as observed shortly after the rain has ceased. 

It is interesting to note that the four maxima of water-supplying power 
(the last one not shown on the graph) all have nearly the same value (1915, 
2036, 1846, and 2021). No readings of the supplying power were made 
immediately after a rain, several hours being allowed to elapse in every 
ease. The similarity of these values is apparently due to the fact that the 
surface layer of the lawn soil, when these maximum readings were secured, 
had a critical water content determined by the nature and condition of this 
layer and by the deeper layers. Evidently this soil at the 6-cm. depth 
always comes to this critical water content and to the corresponding water- 
supplying power within a few hours after each saturating rain, as soon as 
capillary drainage has ceased. The critical water content here indicated is 
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familiar to soil scientists and has been called the maximum field capacity 
for the depth and location considered. 

Following each period of high water-supplying power of the soil this 
power is seen to decrease and it is interesting to study the data and graph 
for the periods of decrease. Between April 4 and April 13 the supplying 
power fell from a maximum to 185 and the slight rain on the tenth of the 
month does not appear to have altered the rate of decrease in the value in 
question. It is seen that this descending portion of the graph is steep at 
first and then flattens in its lower portion. As would be expected, the slope 
of this part of the graph, especially in its upper region, shows some relation 
to evaporation. During this period of nine days the supplying power was 
decreased by 1730 and in the same period the evaporation amounted to 402 
ec., or the supplying power decreased at the average rate of 4.3 for each 
cubic centimeter of evaporation from the black atmometer sphere. Between 
April 28 and May 10 the water-supplying power was decreased by 1899 and 
the form of the graph is here closely similar to that for the ease just con- 
sidered. The total evaporation for this twelve-day period was 354 cc. and 
the average rate of supplying-power decrease is 5.3 per cubic centimeter of 
evaporation. The rain of April 30 somewhat retarded the decrease. The 
graph for the fall in supplying power that follows the low maximum of May 
26 is seen to have approximately the same form as that which characterizes 
the lower portions of the two downward slopes already considered. The 
downward slope of the supplying-power graph for the period from August 
1 to 14 (13 days) exhibits the same general form as the first two of these 
downward slopes. The decrease in this case was 1594 and the correspond- 
ing total evaporation was 378 cc,, or the average decrease was 4.2 per cubic 
centimeter of evaporation. The rains of August 5 and 10 were without 
marked effect in altering the form of this slope. 

Summarizing the last paragraph, it may be said that, for the lawn 
studied, the decrease in water-supplying power following a maximum forms 
a graph which has generally about the same slope in all eases, the average 
rate of fall from high values to rather low ones being about 4.6 per cubic 
centimeter of evaporation (from the black atmometer sphere) for the period 
of decrease. Data from three similar cases in greenhouse cultures of grass, 
with the same kind of soil and with atmometers exposed close to the soil 
surface, have given much the same slope, with an average decrease in the 
water-supplying power of 5.5 for each cubic centimeter of total evaporation. 
It should be noted that some rain occurred in every case during the period 
of the downward slope in the open and that there was no irrigation in the 
greenhouse. The effect of rain in one of these drying-out periods would of 
course be to make the slope of the graph less pronounced, giving the ratio 
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here considered a lower value than it would have in the absence of rain 
effect. 

It is suggested that the ratio value secured by dividing ( a ) the water- 
supplying-power decrease (from the value corresponding to the maximum 
field capacity to a low value near the beginning of drouth effect) by (b) the 
total water loss from a standard atmometer for the given exposure and for 
the same period, may be a valuable ecological index. Such a value must' 
include influences of both the soil and the climate and may prove useful in 
the analysis of the general relations that obtain between plants and their 
environmental conditions. 

From observations made in the summer of 1924, on a lawn area very 
similar to the one here studied and with soil points of the same type as were 
here used, Livingston and Ohga (14) came to the tentative conclusion that 
a supplying-power value of 100 (0.10 g. on their scale) is critical for lawn 
grasses in this region. They say . . that the physiologically critical 
value of the water-supplying power of the soil, as measured by these soil 
points and as indicated by our grasses, . . . appears to have been about 
0.10 g. > . . and that about four or five days with soil-point values below 
0.10 g. should be expected to bring about marked discoloration . . On 
the basis of many observations made in the present studies, this value of 
100 appears to be a close approximation to the critical point in question, 
below which lawn plants, at least blue-grass and white clover, would begin 
to suffer within from 3 to 5 days if no rain occurred and with evaporation 
rates of about 50 ec. per day from the standard black sphere, which is the 
usual summer rate for Baltimore. 

It should of course be understood that the critical value indicates that 
the soil in question can supply 100 milligrams of water in one hour to the 
absorbing surface of the porous-porcelain cone used. Since this absorbing 
surface is of approximately 12 sq. cm., it is possible to make an approximate 
estimate of the critical water-supplying power in terms of any standard 
area of absorbing surface. For example, a supplying power with an index 
value of 100, as here expressed, may be taken as approximately equivalent 
to a supplying power of 8.3 mg. of water per square centimeter, 833 mg. 
per square decimeter, or 83 g. per square meter for the first hour. 

This critical value of the water-supplying power of the soil, as empiri- 
cally indicated by the results of Livingston and Ohga and by those of the 
present studies, may possibly bear some definite relation to the critical value 
corresponding to the onset of wilting, etc., or the “wilting point” of 
Briggs and Shantz (1), but the two are not at all the same. These lawn 
plants were apparently not generally actually injured by the occurrence 
of water-supplying powers of 100 at the 6-cm. depth. Injury was gen- 
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erally manifest, however, within a very few days after this occurrence, pro- 
viding no rain fell in the meantime. Many of the absorbing roots were 
doubtless much deeper than this depth of testing and the critical value for 
the shallow depth is to be regarded simply as a general indication of the 
conditions that actually obtained about the roots when injury was imminent. 
Furthermore, it must be repeatedly emphasized that the critical value here 
considered, as well as that for any given stage of wilting or subsequent 
injury, must depend in general not only on the kind of plant dealt with 
and its condition, but also upon the intensity of evaporation. 

An examination of figure 1 will be interesting in connection with the 
critical value 100, which is represented in the figure by a horizontal line 
just above the base and extending throughout the whole period. We are 
specially interested in noting the times or points at which the water-supply- 
ing power of the soil fell below the critical value. This occurred for the 
first time on May 19 and blue-grass was observed to be affected 3 days later, 
while white clover showed marked signs of drouth effect after an additional 
two days. Evaporation was unusually high for May 19 to 24. The very 
heavy rain of May 24 replenished the soil moisture and the condition of the 
plants was temporarily improved. On June 1 the water-supplying power 
was again observed to be below the critical value, when blue-grass was wilt- 
ing and clover was beginning to show some effect of drouth. Two days 
later clover was unquestionably injured and blue-grass was very brown. 
After the heavy rain of July 7 the soil-moisture index was considerably 
above the critical value on July 8, but was again below it on July 12 and 
continued so until the rain of July 16. The condition of the plants, which 
was very poor at the beginning of this four-day period, showed no change. 
The index value again fell below 100 on July 20 and in this period neither 
plant showed any change according to the numerical scores representing 
plant condition, although clover was noted to have been slightly improved 
by the rain of July 16. The next occurrence of a water-supplying-power 
index below 100 was on August 18. On that day blue-grass was wilting 
and clover showed some drouth effect. The supplying power was well 
above the critical value on August 22 but again fell below it on August 26, 
and both plants showed marked drouth effects by the 29th. After a tem- 
porary increase, the supplying-power value fell again below 100 on Sep- 
tember 10. During the preceding 6 days the condition of blue-grass had 
changed for the worse but clover had maintained its good condition. A 
very slight rise above the critical value then occurred, the plants remaining 
without noticeable change, and the supplying power decreased again to 
below the critical value by September 22. On that date blue-grass was 
very brown although clover was in good condition, but both plants showed 
had effects of drouth four days later. 
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In a similar manner the relation between rises of the soil-moisture graph 
from below to above the critical value 100 may be studied with reference 
to improvement in the condition of the plants. Without going further 
into such details in this discussion, however, it may be said that whenever 
the soil-moisture index remained below the critical value for as much as 
four or five days a definite drouth effect was generally shown by both 
plants, unless, indeed, they were already in very bad condition. Blue- 
grass often responded more promptly than clover in these cases. Injury, 
or increased injury, may be noted in a shorter period than four or five days 
and was sometimes apparent to some extent even by the time the index 
value had descended to 100. Similarly, beginning with apparently dead 
or badly injured plants, when the index value increased above 100 and 
remained there for a period of 4 or 5 days, the plants generally showed 
marked improvement by the end of that time. In such cases it was noted 
that clover improved more quickly than the other plant. 

Somewhat superficial observations indicate that the plants of late sum- 
mer, which had been subjected to a series of water deficiencies and had 
somewhat reduced leaf systems, were better able to withstand drouth than 
were those of early summer, which had been growing luxuriantly in the 
spring under very favorable conditions. The late summer drouth was more 
prolonged than was the drouth of early summer, although the latter was 
more severe for a short period. Also, evaporation was very intense for 
the early drouth and not nearly so intense for the later one, and this dif- 
ference may partially account for the fact that the plants suffered more 
promptly and more intensely in the early summer than in the latter part 
of the season. Maximow (17) has recently pointed out that repeated 
approach to wilting with corresponding recovery may render plants more 
drouth-resistant. 

General conclusions from the seasonal study 

The results of this study of the Homewood lawn throughout the summer 
of 1925 make it clear that blue-grass and white clover responded definitely 
(although with some lag, as would be expected) to changes in the water- 
supplying power of the soil at the 6-cm. depth, as that soil feature is indi- 
cated by the soil-point method, especially when these changes occurred 
within the lower portion of the range of soil-point values, say below 500 
or 600. Blue-grass seems to be particularly suitable as a plant indicator 
of soil-moisture conditions near the soil surface and white clover appears 
to be nearly as satisfactory. It seems hardly possible to question the con- 
clusion that the main soil condition controlling the general vigor and color 
of a summer lawn such as the one studied is the water-supplying power of 
the soil and that soil-point determinations at the 6-cm. depth give very 
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useful numerical values for the effectiveness of this soil feature. It is 
clearly indicated that fluctuations in these values, especially for their lower 
ranges, were remarkably parallel with the concomitant changes in the gen- 
eral aspect of the plants. Attention should be directed again to the point 
that the higher soil-point readings are not to be rigorously compared among 
themselves and that they do not form a homogeneous and precisely com- 
mensurable series with the lower values. The higher values are useful as 
indicating periods when the moisture supply was amply adequate, when 
it was decreasing or when it increased. The influence of precipitation, as 
the climatic feature that mainly controlled the water-supplying power of 
the soil, is clearly brought out, and a secondary but notably independent 
influence of evaporation is indicated. 

Turning to possible practical -applications, it appears that the soil-point 
method as here employed offers a comparatively ready means for detecting 
the decrease of the water-supplying power toward and below the critical 
magnitude that is requisite for the maintenance of good color in a lawn 
such as the one here considered. Judging from the results of this study, 
it might be recommended that artificial irrigation be applied to this lawn 
whenever the supplying-power reading for the 6-cm. depth approaches the 
tentatively critical value of 100, as indicated by these soil-points. It seems 
safe to say that, for lawns of this sort and with the Baltimore summer 
climate, a satisfactory green color might be maintained throughout the 
growing season, as far as moisture supply is concerned, if irrigation were 
applied in such a way as to maintain in the soil at a depth of about 6 cm. 
a water-supplying power always above 100. Of course the water-supplying 
power will have very high values immediately after each separate irrigation, 
as is the case after each heavy shower, but it seems to be unnecessary to 
apply more water at any one time, if this general procedure is followed 
throughout the season, than is needed to bring the soil-point value to 500 or 
600 for the 6-cm. depth on the day following the application of water. It 
may be that the employment of this method as a guide to the application 
of water might result not only in more satisfactory lawns but also in a con- 
siderable saving of water and of labor in applying it. From what is known 
about soil aeration in relation to plant growth it appears probable that the 
lawn plants might grow more vigorously if the soil at the 6-cm. depth were 
never allowed to approach its maximum field capacity, which corresponds, 
for the soil here studied and the soil-points used, to a soil-point reading of 
about 2000. 
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V. Studies of lawn slopes 
The Homewood Bowl 

On rather steep slopes plants such as those here considered are usually 
more vigorous towards the base. As has been mentioned, even on an ap- 
proximately level lawn the grasses sometimes appear greener in very slight 
hollows, this being probably due to surface run-off from the higher to the 
lower levels, and the same principle applies to slopes. A bowl-shaped area 
of lawn at the main entrance of the Homewood grounds of the Johns Hop- 
kins University furnished an opportunity for studying the relation between 
slopes on the one hand and soil moisture and plant condition on the other. 
Observations for this purpose were begun early in June and continued until 
late in November, 1925, being carried on along with the other lawn studies 
here reported. The difference in level between the top and base of this 
slope is about 8 m. and the angle of the slope is about 30° in its steepest 
portion. The slanting part continues into an extended level area below, but 
the level area at the top is confined to a narrow strip less than a meter wide, 
bordering a curbed and paved driveway that lies along the rim of the Bowl, 
and the curb prevents water from above from overflowing on to the slope. 
This part of the study was made with reference to blue-grass, which is the 
dominant plant of the Bowl. 

Soil-point determinations for the 6-cm. depth and observations on the 
condition of the grass were made on this area in the same manner as in the 
study of the level area reported above. These data were taken for three 
levels on the slope, namely: (1) at the top, just at the rim, where the level 
area above joins the slope below; (2) half way down the slope; and (3) at 
the base, on the level area just beyond where the soil surface becomes hori- 
zontal. The observations were made at varying intervals, the average time 
being about one week. No water was artificially supplied to any part of 
the slope. 

The data secured are tabulated in table II and are shown in the form 
of graphs in figure 2. For the top of the slope the water-supplying power 
for each observation is given in column 2 of the table and these values are 
indicated by the continuous line in the upper part of the figure. The 
numerical scores representing the condition of the grass at the same level 
are given in column 5 of the table and are indicated by the continuous line 
in the lower part of the figure. Similarly, the values for successive water- 
supplying powers at the middle of the slope are given in column 3 of the 
table and are indicated in the upper part of the figure by the broken line, 
while the corresponding indices of grass condition are presented in column 
6 of the table and by the broken line in the lower part of the figure. In like 
manner, the water-supplying-power values for the base of the slope are 
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shown in column 4 of the table and by the dotted line in the upper part of 
the figure, while the grass indices for the base are shown in column 7 of the 
table and by the dotted line in the lower part of the figure. Other data 
corresponding to these, especially with reference to rainfall and evaporation, 
may be referred to in table I and figure 1. 


TABLE II 

Water-supplying power of the soil and growth condition of Kentucky blue-grass 

AT THREE LEVELS ON THE SLOPING LAWN OF THE HOMEWOOD BOWL 


Bate 

Water- supplying power of soil 
(6-cm. depth) 

Growth condition (score 
values) 

Top 

Middle 

Base 

Top 

Middle 

Base 

June 2 

9 

26 

45 

0 

2 

3 

5 

5 

13 

43 

0 

1 

2 

10 

6 

16 

15 

0 

1 

2 

20 

7 

10 

19 

0 

0 

1 

July 3 

8 

17 

17 

0 

0 

0 

8 

16 

27 

29 

0 

0 

0 

16 

58 

302 

448 

0 

0 

1 

28 

176 

362 

481 

1 

2 

3 

Aug. 6 

207 

700 

720 

1 

3 

4 

14 

25 

158 

150 

1 

3 

4 

10 

10 

40 

95 

0 

2 

3 

26 

10 

35 

44 

0 

2 

3 

Sept. 1 

135 

200 

442 

0 

1 

3 

4 

12 

30 

235 

0 

1 

2 

10 

13 

40 ! 

83 

0 

1 

2 

18 

35 

230 

530 

1 

2 

3 

25 

14 

33 

51 

0 

2 

3 

Oet. 1 

15 

27 

47 

0 

1 

2 

5 

64 

93 

450 

1 

2 

3 

12 

75 

575 

637 

1 

2 

3 

21 

105 

279 

325 

1 

3 

3 

30 

655 

1460 

1535 

2 

3 

4 

Nov. 10' 

910 

1502 

1730 

1 

2 

3 

19 

1415 

1993 

2046 

1 

2 

3 


The strip of lawn along the Bowl rim was conspicuous throughout the 
season, for the grass was always either apparently dead or of very poor 
color. Slight greening (index value 1) occurred for short periods at several 
times during the season, but never to any great extent. Scattered plants 
of narrow-leaved plantain ( Plantago lanceolata L.), a very drouth-resistant 
form, showed marked retardation or drouth injury throughout most of the 
season in this marginal strip at the top of the slope. After the end of the 
first summer drouth each slight, temporary recovery of the grass corre- 
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Fig. 2, Graphs of data given m table II, for the sloping lawn at Homewood, show- 
ing water-supplying-power values (upper part of figure) at intervals from June to 
November and corresponding scores (lower part of figure) representing the condition of 
Kentucky blue-grass. Full line represents top, broken line represents middle, and dotted 
line represents base of slope. 
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sponded in time to a temporary increase in the water-supplying power of 
the soil, the value of which was, however, very low throughout the entire 
period until late in October. Most of the time it was below the critical 
value (100) brought out in the preceding section and when it rose above 
that value the rise was only temporary. 

After the close of the severe drouth of June and early July, when the 
grass on all parts of the slope had the appearance of being completely dead, 
the grass of the middle region generally showed better color than was shown 
at the top, but its condition was never better than “good,” Correspond- 
ingly the water-supplying power was always somewhat greater for the mid- 
dle than for the top of the slope throughout the period following the early 
summer drouth, and a clear relation is generally shown between the fluctua- 
tions of the supplying-power values for the middle level and the fluctuations 
of the corresponding plant scores. After July 16 the water-supplying 
power here fell below the critical value for only three short periods. It was 
high for the latter part of July and the first part of August and again at 
the end of the season, after the middle of October. Corresponding to these 
last two periods, with the usual lag, the plant score attained the value 3, 
indicating good growth, the best observed for the middle level. 

After the rains of early July the water-supplying power at the base of 
the slope was seldom below 100 for very long and, correspondingly, the grass 
color was good during most of the period from July 28 to November 19. It 
was excellent in the first half of August and again at the end of October. 
These are the only times when excellent growth was observed anywhere on 
this slope. It is also to be noted that the grass condition at the base was, 
throughout the season, always better than at the middle of the slope, with 
the exception of the drouth period of early July and the single observation 
of October 21, the middle and base of the slope being both recorded as good 
for the latter date. The decreasing and low water-supplying power of Sep- 
tember 4 and 10 was accompanied by drouth injury (score 2). Then the 
slight rains of mid-September brought the color back to “good” for Sep- 
tember 18 and 25, but injury was again apparent on October 1, correspond- 
ing to an exceptionally low value of the supplying power* Only four times 
after the close of the early summer drouth did the water-supplying power 
at the base of the slope fall below 100. In the first ease (August 26) the 
deficiency in supplying power (below the critical value) was pronounced 
but it was apparently not sufficiently prolonged to cause considerable injury 
to the plants. In the second case (September 10) the soil index fell only 
slightly below the critical value and yet the grass showed notable injury. In 
the third case (September 25 and October 1) the soil-moisture index was 
well below the critical value for at least six days and the plants showed 
marked injury. 
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While the water-supplying power is generally shown as greater for the 
base of the slope than for the middle, it is to be noted that the values for 
these two levels are approximately the same when both are high. This is 
true for the observations of August 6 and October 12, although the maxi- 
mum field capacity of the surface soil was not by any means approached 
at these times. At the end of the season (November 19) the three levels 
showed supplying powers in the order that would be expected, but the soil- 
point readings for the middle and base of the slope were nearly alike (1993 
and 2046, respectively), while the rim gave a reading of only 1415. 

None of the observations of this series showed the soil at the 6-em. depth 
as approaching complete saturation ; only at the end of the series was the 
maximum field capacity approximately reached, and then only for the 
middle and base of the slope. If it had been possible to make observations 
during or immediately after heavy rains it is probable that nearly complete 
saturation, with soil-point readings of about 3,500, might have been 
recorded, especially for the base. Even at this lowest level drainage was 
so good that nearly complete saturation was not maintained for more than 
an hour or two after the heaviest rains. On the other hand there was 
apparently little or no subterranean capillary movement of water down 
the slope, nor upward from deeper soil layers; the soil about the grass 
roots apparently received no water in significant amount excepting directly 
from precipitation and surface drainage. Consequently the water-supply- 
ing power fell to very low values even at the base of the slope when a 
rainless period was sufficiently prolonged. 

The graphs of plant condition emphasize the tendency of the latter to 
lag behind the corresponding changes in water-supplying power. Also, 
differences between the three levels are especially noticeable with respect 
to the time required for the green color of the grass to disappear entirely 
with the advance of the early summer drouth. The grass was first recorded 
as all brown on June 5 for the top of the slope, on June 20 for the middle 
and on July 3 for the base. A similar relation between the three levels is 
shown, though somewhat less completely, for the second drouth period, of 
late August and early September. 

Starting with the vegetatively dead grass! of early July, similar differ- 
ences between the three levels are to be observed with regard to grass 
recovery in response to the rain of July 7. For example, on July 28 the 
grass at the base of the slope had good color, that in the middle was well 
started toward recovery, while that at the top, although somewhat green, was 
still in very poor condition. After October 30 the grass at all three levels 
showed noticeable injury, although the water-supplying power of the soil 
was high in every case. The autumn injury was apparently due to low 
temperature. 
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Slopes of the golf course 

Besides those on the Homewood Bowl, observations were also made on 
several slopes on the golf course of the Baltimore Country Club. This large 
tract lies two miles northwest of the Homewood grounds, the soil is like 
that at Homewood and the area is characterized by many long slopes, some 
of which are very steep. Pour of these slopes (designated A to D) were 
studied in a manner similar to that followed for the Bowl and the data 

TABLE III 

Water-supplying powers of the soil and corresponding growth conditions of 
Kentucky blue-grass and of white clover at three levels on four 

DIFFERENT SLOPES OF THE GOLF COURSE OF THE BALTIMORE 

Country Club, summer of 1925 



Bate 

Water- supplying 

POWER OF SOIL 

(6-cm. depth) 

Growth condition (score values) 

Blue-grass 

White clover 

Top 

Middle 

Base 

Top 

Middle 

Base 

Top 

Middle 

Base 

fi 

July 17 

38 

49 

415 

0 

0 

3 

1 

1 

4 

© 

23 

38 

47 

982 

0 

0 

3 

1 

1 

4 

w . 

Aug. 7 

340 

1050 

1570 

1 

1 

4 

2 

2 

4 

p 

10 

50 

73 

1250 

1 

1 

4 

2 

3 

4 

& 

© 

18 

30 

36 

660 

1 

1 

4 

2 

3 

4 

m 

26 

25 

50 

510 

1 

1 

4 

1 

2 

3 


Nov. 21 

285 

775 

950 

2 

■ ■ 

2 

4 

2 

2 

3 

. CD . i 

a 

Aug. 7 

214 

851 

3083 

1 

3 

4 

2 

3 

4 

OQ 












10 

115 

168 

1945 

2 

3 

4 

2 

3 

.. . ■ ' 

4 


26 

... ' 

; 28 

45 

1323 

1 

2 

4 

2 

■ 2 ''' '! 

4 

<1 

Aug. 7 

468 

1134 

1930 

0 

3 

4 

1 

' 2 

4 

© 

ft 











G > 











m 












Aug. 7 

85 

925 

1542 

1 

3 

4 


' . ' 

' " : 


secured are presented in table III, which is arranged like table II. In this 
case the condition of white clover as well as that of blue-grass was recorded. 

Slope A, the data for which are shown in the graph of figure 3, is a long 
slope with north exposure and about 20 per cent, inclination, the top being 
about 16 m. higher than the base. It continues at the top into a broad, 
nearly level area, from which surface drainage flows on to the slope itself. 
The main period of observation covered a period of about six weeks (from 
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Fig. 3. Graphs of the water-supplying power of the soil (6-cm. depth) for base, 
middle and top of slope A, at the Baltimore Country Club, with corresponding data on 
the condition of Kentucky blue-grass and of white clover. Full line represents top, broken 
line represents middle and dotted line represents base of slope. 
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July 17 to August 26) and the results were in general much the same as for 
the Homewood Bowl. 

The water-supplying power at the top of slope A was found to be above 
the critical value 100 only once in the period from July 17 to August 26, 
namely on August 7, and even then the value was relatively low. Neither 
blue-grass nor clover was recorded as in good condition at any time during 
the period. The rains of late July and early August improved the plant 
condition considerably but it was never very good. 

At the middle of the slope the supplying power followed the correspond- 
ing value for the top throughout the period of observation, excepting that 
the value for the middle was much higher than that for the top on August 7. 
The condition of blue-grass was the same for both top and middle through- 
out the period. Clover, however, responded to the high water-supplying 
power about August 7 and this plant was in better condition at the middle 
than at the top for the remainder of the period. This may have been due 
to the penetration of clover roots into deeper soil layers than were reached 
by the blue-grass roots, for these deeper layers apparently maintained an 
adequate water-supplying power after that of the surface had fallen 
(August 10) to below the critical value. The similarity between the middle 
and top of this slope, with respect to both water-supplying power and plant 
condition, may probably be explained by reference to the surface run-off on 
to the slope from the area above. It appears that the soil at the top of the 
slope absorbed about the same amount of rainwater as was absorbed by the 
soil at the middle. It will be remembered that this sort of drainage from 
above did not occur in the case of the Homewood Bowl, because of the curbed 
drive at its rim. 

At the base of slope A on the golf course the supplying-power index was 
greater than 400 at every test and much greater than 400 throughout most 
of the period. The plants of this level were in excellent or good condition 
for the whole period. Blue-grass was good at the start and it became ex- 
cellent about August 7 and maintained that condition, while white clover 
was- in excellent condition from the first observation until about August 26, 
when its condition seemed to deteriorate somewhat ; on November 21 clover 
had nearly disappeared from this area, which was then almost completely 
occupied by very luxuriant blue-grass. 

These observations for slope A of the golf course once more indicate that 
the water-supplying power of the surface layer of the soil needs to be above 
100 in the Baltimore summer season if good or excellent growth of blue- 
grass and clover are. to be expected. 

Slope B also has a north exposure and it is otherwise much like slope A r 
excepting that there is an open ditch at its base. Three observations were 
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made here, on August 7, 10, and 26, as shown in table III. In all three cases 
the water-supplying power was found to be lowest at the top, considerably 
higher in the middle and very high at the base. Also the plants were gen- 
erally in the best condition at the base and in very poor condition at the top, 
as in the case of slope A. On August 7, with a soil-point reading of 3083, 
it was observed that clover showed injury at the base of slope B, due prob- 
ably to a deficiency in the oxygen-supplying powers of the soil (6), brought 
about by excess of soil water. 

Slope C is long and gentle, about 200 m. long with a rise of about 20 m. 
It has a south exposure. On August 7 the plants showed marked differences 
in their condition at the top, middle and base of the slope. On that date the 
soil-point tests brought out corresponding differences in the water-supplying 
power of the surface layer of soil, as is shown in table III. 

Slope D represents the head of an erosion gully in one of the hills of the 
golf course. The gully resembles the Homewood Bowl in the slope of its sides 
but is narrower and more V-shaped. On August 7 the difference between 
the plant condition along the upper margin and at the base was very marked, 
growth being excellent at the base of the V and very poor at the top, and 
corresponding differences in water-supplying power were indicated by 
the tests (see table III). 

East Lansing slope 

Two series of observations on plant condition and water-supplying power 
were made June 18 and 22, 1925, upon a sloping portion of the campus of 
the Michigan State College, at East Lansing. This slope has a north ex- 
posure and rises about 7 m. in a distance of about 130 m. The soil is Miami 
loam, high in organic matter and well drained. On June 18, following a 
rain on June 17, the readings for the top, middle, and base of this slope 
were found to be 56, 131, and 1116, respectively. These readings illustrate 
once more the relation of water-supplying power to the different levels of a 
slope shortly after a rain. These values fell rapidly and on June 22 they 
were found to be 15, 20, and 305, respectively. At the time of the second 
observation white clover was dominant at the base and both it and what 
blue-grass was present at that level were in excellent condition. Clover 
was not present at the middle or top of the slope, but blue-grass was plenti- 
ful throughout most of the slope area excepting at the base. At the middle 
level blue-grass was in poor condition and it appeared practically dead at 
the top. Eed fescue ( Fesfuca rubra L.) was dominant at the top where it 
was in fair condition, being much more vigorous than blue-grass at that 
level. These observations suggest relations that probably exist in many 
cases between differences in water-supplying power and the local occurrence 
of different plant forms. On this East Lansing slope red fescue appeared 


WILSON — INTERPRETATION OP WATER-SUPPLYING POWER 421 

to be more xerophilous than blue-grass and blue-grass appeared more so 
than white clover. 

Summary of results for slope studies 
The slope studies reported above show that the water-supplying power of 
the soil at the 6-cm. depth was generally very different for different levels 
of the same slope, being lowest at the top and highest at the base. These 
differences were still evident even when rain had recently occurred. The 
configuration of the soil surface beyond the top of a slope seems to be im- 
portant in determining how great will be the differences in supplying power 
for several levels on the slope. When water falling on the level beyond the 
top of the slope can flow over on the slope itself, the top may receive and 
absorb an extra supply, even as much as is absorbed at the middle, and the 
difference between the indices of water-supplying power for these levels 
may consequently be only slight after some rains. With the progress of a 
rainless period the supplying-power index decreases rapidly at the top of 
the slope and only slowly at the base. With prolonged and severe drouth 
the soil-point readings at all levels approached zero, thus 1 tending to become 
nearly alike. The condition of the plants agreed in general with what was 
to be expected from the soil-point readings, being always much better at the 
base of a slope and often very poor at the top. The distribution of different 
plant forms over a slope appeared to be closely related to differences in 
water-supplying power for the different local areas; the more xerophilous 
forms are apt to be dominant in areas where the average supplying power is 
low or where it is especially low during drouth periods. Correspondingly, 
the least xerophilous forms usually dominate in areas in which the water- 
supplying power of the soil is never low for any long period. Of course 
it is to be remembered that the studies reported in this paper dealt with only 
the surface layer of the soil, to a depth of about 6 cm. Deeper soil layers 
would, of course, need to be studied in order to bring out the relations of 
drouth resistance for more deeply rooted forms. As has been said, blue- 
grass was especially responsive to alterations in the water-supplying power 
of the soil at the depth of 6 cm. Although blue-grass roots penetrate much 
more deeply, these 6-cm. determinations showed clearly and consistently the 
fluctuations in water supply that were reflected in alterations in the vigor 
of the grass, in the color of the leaves and in the general appearance of 
the turf. 

VI. Miscellaneous lawn studies 

While the observations and tests already presented were being made a 
number of soil-point readings were taken from time to time at special spots 
on the lawns, selected generally with reference to obvious differences in the 
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appearance of the plants. The results of these miscellaneous tests throw 
considerable light on various questions regarding the relation of the plant 
to the water-supplying power of the soil at the time. They are set forth 
below under several sub-headings. 

Spots with exceptionally vigorous plants in time of drouth 

At four different times in each of the two summer drouth periods some 
soil-point tests were made at selected spots on the lawns of the Charles 
Street boulevard (named Charles Street Avenue) adjacent to the Home- 
wood grounds of the Johns Hopkins University, the spots selected being 
characterized by conspicuously good color and vigorous plant growth in 
the midst of a general lawn area that showed but little or no green color. 
Corresponding tests were made to determine approximately the water- 
supplying power of the general lawn area outside of the spots in question. 
"While these boulevard lawns had blue-grass generally dominant, but in poor 
condition at the times of observation, the exceptional spots here considered 
showed other plants as very prominent or dominant and remarkably vig- 
orous. Each of these tests refers to a special plant form, the following 
forms being included in the list: white clover ( Trifolium repens L.), ber- 
muda grass (Capriola dactylon Adans.), five-finger (Potentilla monspeli- 
ensis L.), yarrow ( Achillea millefolium L.), blue-grass (Poa pratensis L.), 
bent grass ( Agrostis sp.), crab grass ( Syntherisma sanguinalis L.), and 
knotweed ( Polygonum aviculare L.). The results of these tests are brought 
together in table IV. 


TABLE IV 

Water- supplying power of soil at the 6-cm. depth for spots with exceptionally 

VIGOROUS PLANTS IN TIME OF DROUTH, SUMMER OF 1925 


Plant form 

June 

7 

June 

10 

June 
! 11 

July 

17 

August 

14 

August 

19 

August 

20 

August 

26 

General lawn. 

12 

10 

19 

25 

103 

37 

50 

65 

Selected spots 









White clover 

42 

...... 

173 

113 

343 


85 

202 

Crab grass 

Five-finger 


43 

......... 

......... 

310 


126 



Bermuda grass 

37 

31 

106 

......... 

322 

82 




Yarrow 

...... 

34 


161 


55 


192 

Blue-grass 


...... 

189 


221 


145 

115 

Bent grass „ 

y’ 

...... 

......... 

116 

......... 

80 


215 

Knotweed 

...... 


— 


283 

60 
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It is clear that the water-supplying power of the soil at the 6-cm. depth 
was in every case considerably higher for the selected spot than for the 
general lawn at the same time. It does not necessarily follow, however, 
that the higher water-supplying power at the selected spot furnishes in every 
case the entire explanation for the exceptionally good growth. It must he 
remembered that these soil-point tests were made for a depth of only 6 cm. 
and it is probable that these exceptionally vigorous plants were absorbing 
water from much greater depths. This consideration has been mentioned 
in connection with the behavior of white clover in time of drouth. As to 
why the supplying power at the 6-cm. depth should have been uniformly 
greater in the selected spots than in the surrounding lawn, it may be that 
these spots sometimes received more rain-water than the rest of the lawn — 
on account of slight drainage on to them from surrounding areas or on ac- 
count of their denser vegetation, which may have hindered surface drain- 
age off from them. Also, if plants draw water mainly from the deeper soil 
layers the water supply of the surface layer may decrease much less rapidly 
during a dry period than would be the case if the plants drew water mainly 
from nearer the soil surface. The denser vegetation of these spots should 
retard direct evaporation from the soil surface, but this effect might or 
might not be counterbalanced by the larger leaf surface from which tran- 
spiration must occur. This would be determined in any case by the degree 
of foliar resistance to transpiration characterizing the particular plant 
forms in question, as well as by the amount of foliage. It is clear from 
what has been said before that the higher water-supplying power shown for 
the blue-grass tests of this series offers a satisfactory explanation for the 
exceptionally good condition of this grass in the selected spots where it was 
dominant. It will be seen that the supp'lying-power values given for blue- 
grass in table IV are all well above the critical value 100, while the corre- 
sponding supplying-power values for the surrounding lawn are generally 
much lower. 

Comparison of spots bearing vigorous plants with adjacent 

SPOTS BEARING VEGETATIVELY DEAD PLANTS OF THE SAME KINDS 

On different dates from June 11 to September 11 a measure of the water- 
supplying power was obtained at the same time for adjacent vigorous and 
brown spots on the Homewood lawns and along the Charles Street boulevard 
near Homewood. The spots were selected with reference only to the appear- 
ance of the plants and the aim was to secure evidence as to the relations be- 
tween the soil-point readings corresponding to good and to very poor plant 
condition. The two spots compared in each case were dominated by the 
same plant species. 
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TABLE V 

Comparisons of soil-point readings made at the same time on spots bearing vigorous 

PLANTS AND ON ADJACENT SPOTS BEARING VEGETATIVELY DEAD 
PLANTS OF THE SAME KIND 



~ 

Water-supplying power of soil (6-cm. depth) 

Dominant plant 

Date 

For vigorous 
plants 

For plants 

WITHOUT GREEN LEAVES 

Five-finger 

Sept. 4 

78 

33 


11 

72 

27 

Crab grass 

Aug. 31 

54 

21 


Sept. 11 

46 

20 

Bent grass 

June 11 

93 

19 


July 3 

45 

15 


Sept. 4 

65 

23 

Yarrow 

June 9 

45 

15 


Aug. 31 

58 

19 


Sept. 4 

60 

22 


11 

40 

18 

Bermuda grass 

June 9 

40 

13 


Sept. 4 

166 

18 


11 

94 

16 

Knotweed 

Sept. 4 

43 

10 


11 

25 

i 

8 


The results of these comparisons are shown in table V, from which it will 
be seen that the water-supplying power of the soil beneath the vigorous 
plants was always much greater than that in the spots where the same kind 
of plants were brown and apparently dead. In only one case (knotweed, on 
September 11) was good growth accompanied by a soil-point reading lower 
than 40 and in only two other cases (yarrow, September 11, and crab grass, 
June 9) was it as low as 40. On the other hand, no soil-point reading from 
a “dead” spot was greater than 33 (five-finger, September 4) and only two 
were greater than 23 (five-finger, September 4 and 11). The lowest read- 
ing of the series is 8 (knotw r eed, September 11 ) and the next to the lowest 
is 10 (knotweed, September 4). It thus appears that knotweed is to be 
considered as the most drouth resistant of the 6 plants here studied, as far 
as the water-supplying power of the soil at the 6~cm. depth is concerned. 
Five-finger is to be regarded as the least resistant of these plants. The 
other forms of this list are apparently intermediate in this respect. It must 
be emphasized again that these soil-point determinations were all for the 
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6-em. depth. All of the plants of this series surely draw water from much 
greater depths. 

Relative drouth resistance of different kinds of plants, as indicated 

BY SOIL-POINT READINGS CORRESPONDING TO VERY POOR 
GROWTH IN DRY PERIODS 

Determinations of the water-supplying power of the soil were made, 
from time to time in dry periods, at spots in these lawns where selected 
plant species were in very bad condition, with about one-half of the leaves 
dead. Times and places were so chosen that the spots tested should be 
always characterized by apparently about the same degree of drouth injury. 
Of course this could not be done very accurately but the results may serve 
at least as indications of the approximate values of the initial water-supply- 
ing power at the 6-cm. depth when these selected plant forms became badly 
injured, to a degree somewhat like that called “permanent wilting” by 
Briggs and Shantz. 

Ten species that occurred commonly, but some of them locally, on these 
lawns were selected for this series of tests and several observations were 
made for each species. The several values secured for each form have been 
averaged in each case and the averages are shown below, the species being 
arranged in the descending order of the magnitudes of the mean water- 
supplying power corresponding to the particular degree of drouth injury 
on which these observations were based. 

Water-supplying power 


Names of plants (6-cm, depth) 

Blue-grass ( Poa pratensis L. — 39 

Bent grass ( Agrostis stolonifera L. 33 

Crab-grass (Syntherisma sanguinalis L.):..: — ........... 32 

Five-finger (Potentilla monspeliensis L.).. — . 30 

White clover (Trifolium repens L.) 29 

Yarrow (Achillea millefolium L.) 23 

Bermuda grass (Capriola dactylon Adans.) 19 

Red fescue (Festuca rubra L.) 13 

Narrow-leaved plantain (Plantago lanceolata L.) 11 

Knotweed (Polygonum aviculare L. )..... 9 


It will be seen that the value of the supplying-power index ranges from 
39 for blue-grass to 9 for knotweed. The rather low degree of precision 
with which these values were determined may render it undesirable to 
attempt any very detailed considerations of the exact positions of the several 
plants in the series, but it is worth while to note at least that the first three 
species have values lying within the upper one-fourth of the entire range, 
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while the values for the last three species all lie within the lowest one-fourth. 
Whatever may be the case in regard to the four plants occupying the middle 
portion of the list, it may be safe to say that blue-grass, bent grass, and crab- 
grass showed the lowest drouth resistance and that red fescue, narrow- 
leaved plantain and knotweed, showed the highest resistance. 

The results of this preliminary and somewhat superficial attempt to 
classify a number of plant forms on the basis of their ability to withstand 
soil drouth make it clear that marked differences are to be expected between 
different species, growing under the same climatic conditions 1 and in the 
same kind of soil. One of the main difficulties in attempting the classifica- 
tion of a number of different plants, with reference to their ability to with- 
stand low rates of water-supplying power in the soil about their roots, seems 
to lie in determining just when a given plant individual has reached the 
particular degree or stage of drouth injury that is chosen as the basis of 
the classification. If it were possible to be sure that the plants were all at 
the same physiological stage of drouth injury when the soil-point tests were 
made, then the detailed results of such a series of comparisons as the one 
here attempted would surely be more reliable, especially if determinations 
for greater soil depths were also included. From experience gained in the 
present studies it seems safe to say that the method of determining water- 
supplying powers of the soil by means of porous-porcelain soil points gives 
results of a higher degree of precision than can yet be reached in determin- 
ing the exact degree of drouth injury in a plant or group of plants. 

Progressive lowering op the water-supplying power of the soil as the 

LEAVES OF WHITE CLOVER AND BLUE-GRASS WILTED, 

WITHERED, AND FINALLY DIED 

Beginning early in the summer drouth, soil-point readings were taken 
regularly at two-day intervals, at spots where white clover or blue-grass was 
at first in excellent condition, the readings being continued until the leaves 
of the plants were all or nearly all dead from drouth effect. This series of 
decreasing values of the water-supplying power of the soil at the 6-cm. depth, 
accompanied by corresponding notes with regard to the apparent condition 
of the plants, is interesting as showing how the foliage showed increasing 
drouth effect and finally succumbed with the progress of a drouth period. 

On June 2 the average soil-plant reading for clover in excellent condi- 
tion was 184, while good areas of blue-grass gave readings averaging 40. On 
June 4 clover was vigorous, being rated as good, with a water-supplying 
power of 131, and blue-grass was noticeably wilting with a supplying power 
of 24. On June 6 clover was beginning to show the effect of water deficiency 
and the grass was very badly wilted and losing color, the corresponding 
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values for the water-supplying power being 76 and 18, respectively. On 
June 8, with a water-supplying power of 54, clover was badly wilted and 
many leaves were dead, while with a water-supplying power of 12, the leaves 
of blue-grass were all dead and no green color remained. 

It appears that white clover passed from the vigorous condition to a 
condition with many of its leaves dead in a period of 6 days, during which 
the corresponding index of water-supplying power decreased from 184 to 
54. In a similar way, and in the same time, blue-grass changed from the 
good to the vegetatively dead condition, while the corresponding index of 
water-supplying power decreased from 40 to 12. It is noticeable that each 
of the supplying-power values, including the first in each series, is much 
greater for clover than for blue-grass. This is partly to be explained by 
the facts that clover was in somewhat better relative condition at the begin- 
ning of the series (June 2) than was the other plant, and that a like relation 
still held at the end of the series (June 8). Also, as has been mentioned 
before, spots on which clover was dominant and vigorous generally showed 
somewhat higher water-supplying powers for the 6-em. depth than did adja- 
cent spots with dominant and vigorous blue-grass. 

From other evidence presented in the foregoing pages, clover is to be 
regarded as more drouth resistant than blue-grass, with reference to the 
soil-point determinations as here made. This statement seems to be contra- 
dicted by the set of data just given, but, besides what has been said in the 
last paragraph, it must be remembered that it requires considerable time for 
the plants to respond to a given soil condition after the latter has been 
reached. The observations here considered were made in the early part of 
a drouth period, at a time when environmental aridity was very rapidly 

TABLE VI 

Soil-point readings (6-cm. depth) taken at two-day intervals during the early 

PART OF A RAINLESS PERIOD IN WHICH WHITE CLOVER AND BLUE-GRASS PASSED 
FROM EXCELLENT OR GOOD CONDITION TO VERY POOR CONDITION 



White clover 

Blue-grass 

Date 

Initial water- 
supplying POWER 
OF SOIL 

Growth 

condition 

Initial water- 
supplying power 
of soil 

Growth 

condition 

June 2 

184 

Excellent 

40 

| Good 

4 

1S1 

Good 

24 

Wilting 

6 

76 

Wilting 

18 

Becoming 

brown 

8 

54 

Becoming 

brown 

12 

Dead 
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increasing. It may be that any note on plant condition given in this series 
may correspond to the next preceding or even to an earlier soil-point read- 
ing, the physiological effect of the progressive decrease in water-supplying 
power always showing a marked lag behind the decrease itself. 

On account of their special interest and because of the somewhat com- 
plex causal relations that they suggest these particular data are summarized 
in table VI. 

Plants in different degrees of health in closely adjacent spots 

ON THE SAME LAWN 

It was noticed at several times that blue-grass and clover on some spots 
or small areas appeared to be in very different condition from that of the 
same kind of plants elsewhere in the lawn. Some of these cases were spe- 
cially studied, since they offered an opportunity to relate differences in plant 
condition to corresponding differences in the water-supplying power of the 
soil at the 6-cm. depth. The supplying power itself may, for the same pre- 
cipitation, be related to the kind of soil, whether more or less sandy, etc., 
and to the surface and subterranean drainage conditions, as well as to the 
previous withdrawal of water by plant roots. Of course there are many 
soil conditions besides water-supplying power that may enter into the ex- 
planation of local differences in vegetation, such as: degree of compactness 
of the surface layers (resulting in differences in penetrability toward rain- 
water and toward growing roots), concentrations of soluble chemical con- 
stituents in the soil solution, number and kinds of soil organisms, and 
mechanical or other injuries to which the plants themselves, may have been 
subjected. However, for the spots here studied the health of the plants was 
apparently definitely related in every case to differences in the water- 
supplying power of the soil as indicated by the soil-point method. In many 
of the cases tested the places compared were less 1 than 2 m. apart. 

Table VII gives some of the data from these observations on particular 
spots in the lawns at the Baltimore Country Club and at Homewood. The 
first section of the table presents observations on blue-grass for the period 
of the second drouth of the summer, and the third section gives data from 
October and November observations on blue-grass spots that had appeared 
dead in August and September, in comparison with data from correspond- 
ing observations on spots where the grass had been good or excellent during 
the last-named months. The second section of the table presents observa- 
tions on white clover at the time of the first and second summer drouth 
periods. Throughout the table two average soil-point readings are given for 
each date (in two cases three are given) and the condition of the plants at 
the time of observation is shown by the placing of the supplying-power in- 
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dices in the last four columns. Four degrees of health, are here considered : 
excellent, good, injured, and dead ; conditions 1 and 2 of' the former discus- 
sions are here combined as “injured.” 


TABLE VII 

Data from simultaneous soil-point tests in different but closely adjacent places 

THAT SHOWED DIFFERENCES IN CONDITION OF BLUE-GRASS AND OF WHITE CLOVER 



Date of 

OBSERVATION 

Growth < 

CONDITION OF 

SOIL-POINT 

PLANTS AND 
READINGS 

AVERAGE 

Excellent 

Good 

Injured 

Dead 

Blue-grass in 

Aug. 

10 


605 

■ 

20 

period of 


18 

712 


30 


second summer 


18 



80 


15 

drouth 


26 


182 

......... 

22 



26 

......... 

105 



10 



31 



78 

23 

10 


Sept. 

4 



300 


15 



11 



......... 

65 

12 



18 

... ■ 

985 

32 




25 


101 


19 

White clover 

June 

8 


60 

16 


in period of 


10 

......... 

195 

15 

■ : ' 

second summer 


11 


46 

19 

8 

drouth 

Aug. 

31 



50 

17 

. ...... . 


Sept. 

11 


230 

36 


Blue-grass 

Oct. 

5 

707“ 


3ib ; 


after the 


12 

1105“ 

......... 

60b 


rains of 


21 

CO 

o 

oo 

.. 

156b 


October 


26 

1403a 

387b 





30 

1482a 

433b 

. . 




Nov. 

19 


2134a 

1514b 


• ...... 


a Grass good in September. 
b Grass dead in September. 


Examining the first section of table VII, it is noticed that with supply- 
ing-power values of 65 or below the grass is always recorded as injured or 
dead and that for all values below 23 it is shown as dead. Also the grass 
plants are shown to have been in good or excellent condition for supplying- 
power readings of 78 or higher. These results agree in general with those 
already given and support the idea that blue-grass, with this soil and cli- 
mate, may not be expected to be in satisfactory condition unless the water- 
supplying power of the soil has an index value not much below 100. Of 
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course, this critical limit may sometimes appear to be somewhat lower for 
a few days in the early part of a drouth period, when the water-supplying 
power is decreasing rapidly but the grass has not yet visibly responded to 
inadequate water supply. 

Consistent with indications from other results in this study, white clover 
is again shown by the data of table VII to be apparently considerably more 
vegetatively drouth resistant than is blue-grass ; in these observations this 
clover is recorded as in good condition with a supplying-power index for 
the 6-cm. depth as low as 46 (the corresponding limit for blue-grass being 
78). As has been said, this difference may possibly be due to deeper pene- 
tration of the clover roots into the soil. 

The remaining observations on blue-grass (see the last section of table 
VII) were made after the rains of early October had broken the prolonged 
drouth of August and September. These tests were made in places of two 
sorts, (a) where the grass had been in good condition at the beginning of 
the October rains, not having been significantly injured by the drouth, and 
( b ) where the grass appeared dead at the beginning of these rains, having 
been greatly injured by the preceding drouth. The superscript letters a 
and b in the table indicate observations from these two kinds of areas, re- 
spectively. Each observation shown in the table represents an average of 
three tests of four soil-points each at different but like spots in the lawn, 
and thus the values marked a represent the general condition, at the time 
of observation, of areas that had not been previously injured by the drouth, 
while those marked b represent the general condition, when these tests were 
made, of the previously drouth-injured areas. 

The data of this section show the manner in which the grass on spots that 
appeared dead at the end of the drouth revived and became progressively 
better with increasing water-supplying power of the soil after the rains 
began. The water-supplying power of the drouth-injured areas increased 
progressively from 31, on October 5, to 1514, on November 19, and in the 
meantime the grass improved from being apparently dead before the Octo- 
ber rains began to the good condition indicated for November 19. 

These data show also how the water-supplying power of originally dead 
areas increased much more slowly and gradually, but at an increasing rate, 
than did the supplying power of areas originally in good condition. This 
may indicate less absorption of rain-water by the soil of the originally dead 
areas, due perhaps to scanty cover, slight elevation above adjacent areas, or 
less permeability of the soil surface. 

Water-supplying power of the soil at the six-centimeter depth in the 

VICINITY OF TREES 

The shading effect of trees upon the growth of lawn grasses in the soil 
area underneath their branches is often noticed. Other features besides 
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shading itself, such as modifications of rainfall, probably take part in pro- 
ducing apparent differences between the shaded and unshaded areas, and 
the influence of tree roots (which generally remove water at a rapid rate 
from the deeper soil layers) may sometimes be important. Of course the 
kind and degree of shading (that is, the modification of sunshine and diffuse- 
light conditions) determines whether it will be beneficial to the grass or not. 
In a drouth period the right degree of shading is generally of advantage to 
the lawn plants, since the shade retards both evaporation from the soil sur- 
face and transpiration from the leaves. At such times a marked beneficial 
influence was shown in many instances of these studies, the grass being in 
much better condition over most of the soil area underneath the tree 
branches, especially on the northeast side of the trunk. It is of course pos- 
sible for the shade of a large tree or group of trees to be so complete that 
most species of lawn grasses are entirely eliminated in the most densely 
shaded area, probably because the light intensity is there too low for ade- 
quate photosynthetic activity. 

During the progress of these lawn studies a number of soil-point tests 
were made at Baltimore and also at East Lansing, Michigan, to secure infor- 
mation about possible differences in the water-supplying power of the soil 
at the 6-cm. depth for the vicinity of trees and for surrounding unshaded 
areas. Cases were selected in which the lawn plants showed marked differ- 
ences in their growth condition. 

On June 23, at a distance of 1.5 m. from the trunk and on the south side 
of a large sugar-maple tree at East Lansing, the index of water-supplying 
power at a depth of 6 cm., derived as the average from four soil-point tests, 
was found to be 238, with blue-grass in excellent condition; while 8 m. 
farther from the tree and on the same side (well beyond the shaded area) 
the index value was only 68, with blue-grass similarly plentiful hut in very 
poor condition, the leaves being almost all dead. Still farther away from 
the tree, in a representative part of the general lawn area, the index value 
was 76, with blue-grass in poor condition. In another unshaded spot on the 
same lawn red fescue was in good condition, however, with an index value 
of 24. About 1.5 m. southeast of the trunk of a large oak tree in the same 
lawn the water-supplying power at a depth of 6-cm. was found to be 85, 
with blue-grass in good condition, while soil-point tests made just beyond 
the spread of the branches of this tree gave a mean value of 53, blue-grass 
being here in very poor condition. In the case of the maple the lower 
branches were only about 3 m. from the ground and the crown was very 
dense, effectively cutting off practically all direct sunshine. The crown of 
the oak, on the other hand, was much more open and its lowest branches were 
about 12 m. above the ground; consequently the shade cast by this tree was 
much less complete than that cast by the maple. 
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On July 17, about 3 m. east of the trunk of a large ash tree on the golf 
course of the Baltimore Country Club, blue-grass was in excellent condition, 
with a mean soil-point reading of 292 at a depth of 6 cm. Four meters 
farther east, beyond the shading influence of the tree, blue-grass appeared 
poor and the mean soil-point reading was 38. Other tests on the same part 
of the lawn but well away from any trees gave an average water-supplying 
power of 43, the condition of blue-grass being generally poor. 

A large beech tree in Wyman Park, which is adjacent to the Homewood 
grounds of the Johns Hopkins University, furnished an example of excep- 
tionally dense shade. On the north side of this tree there was no grass and 
practically no vegetation at all for a distance of several meters out from the 
base of the trunk. Tests in this grassless area 1.5 m. from the trunk and 
at the 6-cm. depth gave a water-supplying power of 282 on August 19. Five 
meters east of this tree, still in the shaded area, blue-grass was excellent with 
a supplying-power reading of 782, and at the same distance to the north the 
condition of the grass was just as good, with a water-supplying power of 
489. Tests made well outside the shaded area, where blue-grass was gen- 
erally in only fair condition, gave an average soil-point reading of 78. 

An excellent example of the beneficial influence of moderate shade on 
the health of grass was noticed throughout the summer in the case of a 
Liriodendron tree on the Homewood grounds. Blue-grass was healthy and 
vigorous on the northeast side of this tree, even during the worst drouth 
periods, when it appeared dead on the south side and on the surrounding 
lawn. On August 30 the supplying-power reading was 89 for the northeast 
portion of the shaded area while the general condition of the lawn was rep- 
resented by a water-supplying index of 26. On September 11 a similar rela- 
tion was observed, with a supplying-power reading of 415, in the northeast 
portion of the shaded area, while the reading for the lawn in general was 
40. On both these dates the grass was growing well in the shaded area on 
the northeast side of the tree, while it was only slightly green on the south 
side, even under the branches, and over most of the lawn. Of course the 
summer shade produced by a tree in this latitude is much more effective 
northeast and north of the tree than south and southwest. 

Apparent influence of mowing the lawn on the water-supplying 

POWER OF THE SOIL AT THE SIX-CENTIMETER DEPTH 

At several times during the season simultaneous soil-point readings at 
the 6-cm. depth were compared for mowed and unmowed portions of the 
golf course previously mentioned. In all these eases the grass was in fair 
or good condition at the time of the tests and the results show very clearly 
that the supplying power was markedly lower in the mowed areas at the 
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time of each observation. This feature was not studied sufficiently to war- 
rant any attempt to explain these findings, although it is not difficult to 
think of plausible explanations, and the data are recorded here (table VIII) 
simply as empirical observations. 


TABLE VIII 

Comparative water- supplying-power values at the 6-cm. depth for mowed and 

UNMOWED AREAS OF LAWN 


Bate of observation 

Mowed areas 

Unmowed areas 

August 10 

328 

437 

18 

20 

75 

18 

18 

70 

26 

26 

170 

November 21 

820 

1550 


Relation of the soil-moisture index to the coming-up of field 

MUSHROOMS ON THE HOMEWOOD LAWN 

The field mushroom ( Agaricus campcstris L.), one of the most common 
of the edible fall mushrooms of the Baltimore region, usually forces its 
fruiting bodies above the soil surface in late August and September. These 
months were unusually dry in 1925 and the appearance of this mushroom 
was considerably delayed. However, many small groups of Agaricus ap- 
peared September 4, four days after the drouth-breaking rain of August 31. 
These groups were generally confined to spots on the lawn where blue-grass 
was in good condition, although the blue-grass of most of the lawn appeared 
partly brown at that time. This suggested that the coming-up of the mush- 
rooms might be closely related to soil-moisture conditions. 

On September 4 ten soil tests were made in groups of mushrooms on the 
level portion of the Homewood lawn, where blue-grass was vigorous. The 
average index of water-supplying power for the 6-cm. depth was 170. Other 
areas of good blue-grass, but without mushrooms, gave an average index 
value of 142. Still other areas with poor blue-grass and also without mush- 
rooms gave an average index value of only 36. 

Other determinations made on the same date for groups of mushrooms 
with vigorous blue-grass- present, near the base of the Bowl slope at the 
entrance of the Homewood grounds, gave an average water-supplying power 
of 138. The corresponding average from tests made at the base of this 
slope, where blue-grass was in poor condition and where there were no mush- 
rooms, was only 38. 

These data clearly indicate the existence of a relation between the water- 
supplying power of the soil at the 6-em. depth and the coming-up of these 
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mushrooms, and they suggest that the critical water-supplying power for the 
appearance of these fruiting bodies above the soil may be at least 100, the 
same value as has been suggested as critical for vigorous growth of blue- 
grass and white clover. Of course, it is understood that the earlier develop- 
ment of Agaricus proceeds in the soil for a long time before the fruiting 
bodies appear above the surface. Whatever may be the necessary moisture 
conditions for the mycelial growth and the original formation of the young 
sporophores, it seems clear that these emerged from the soil in the case 
studied only when the water-supplying power of the soil was such as to give 
vigorous growth of blue-grass. The temperature and other non-water rela- 
tions for mushroom development may be very different from those for the 
growth of blue-grass, and mushrooms would not be expected to appear ex- 
cepting at their proper season, even though the moisture condition of the 
soil might be quite suitable. 

Water-supplying power of the soil at different depths 

As has been said, all of the soil-point tests thus far considered refer to 
the surface layer of the soil, the instruments being so placed that the middle 
of the absorbing zone of the porcelain cone was in each case about 6 cm. 
below the soil surface. While most of the absorbing roots of blue-grass 
seemed to occupy the soil to a depth not much greater than that at which 
the instruments were set, and while this grass responded very quickly and 
definitely to changes in the water-supplying power at the 6-cm. depth, yet 
it is safe to suppose that some of the blue-grass roots drew water from deeper 
soil layers, and this consideration is still more applicable to the case of white 
clover and the other plants mentioned in these special studies. It has been 
mentioned that this clover, as well as yarrow, knotweed, etc., and other 
grasses than blue-grass, responded less quickly than did blue-grass to mois- 
ture changes at the 6-cm. depth, probably because of the deeper position of 
many of the roots. On account of such considerations as these it was espe- 
cially interesting to inquire, in a preliminary way, as to how the water- 
supplying power of the soil might vary with increasing depth. 

It was not generally feasible in these studies to consider any other depth 
than the usual one, but a single series of observations at two additional 
depths was carried out on July 15 in an area of the Homewood lawn where 
blue-grass was in very poor condition and white clover was showing marked 
evidence of drouth injury. Six holes were dug in the lawn, three to a depth 
of 15 cm., and three to a depth of 30 cm., the soil at the bottom of each hole 
being left undisturbed. Two soil-points were placed in the usual way at the 
bottom of each hole. Six instruments were thus used for a depth of about 
21 cm. below the general surface of the ground, and six more were used for 
a depth of about 36 cm. At the same time six other instruments were em- 
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ployed to determine the water-supplying power at the usual 6-cm. depth in 
the immediate vicinity. The three sets of six readings gave the following 
averages : 

6-cm. depth 21-cm . depth 3 6-cm. depth 

34 60 ” 172 

It is seen that the water-supplying power of the soil was greater with greater 
depth, at least to a total depth of 36 cm., which would be expected in a dry 
period. 

A slight rain coming after a long dry period may raise the water-supply- 
ing power of the surface soil without greatly altering that of the deeper 
layers, and shortly after the occurrence of such a rain the supplying power 
of the surface layer may be considerably higher than that for a greater 
depth. Such a reversal in moisture conditions is probably not infrequent 
in many arid regions and generally in dry periods with infrequent showers. 
Going downward still farther the water-supplying power would probably 
be generally found to increase, finally becoming practically infinite when the 
subterranean water-table is approached. 

This general relation between soil-moisture conditions and depth was 
clearly shown by some tests made on July 12, in very light, sandy soil near 
the Magothy River, south of Baltimore. Three tests were made within an 
hour after the end of a light rain, when the upper few centimeters of the 
soil were very wet. The values obtained are as follows: 

6-cm. depth 21-cm. depth 3 6-cm. depth 

3470 ’ 2020 ^ 3397 ' 

Another comparison made in the same locality and a little later on the 
same day, but under the spreading branches of a pine tree and beneath a 
dense layer of pine needles, gave the following values: 

6-cm. depth 36-cm. depth 

1702 ' 728 ' 

If a thoroughgoing study of the ecological relations of soil-moisture con- 
ditions is to be made, it would be well to extend the supplying-power read- 
ings into the soil to a depth great enough to secure information on the 
water-supplying power of the soil adjacent to all important portions of the 
plant root systems dealt with. To work out the ecological soil-moisture rela- 
tions of any kind of plant it will of course be necessary to take into account 
not only the variations in water-supplying power with different depths but 
also the configuration of the root systems considered, and especially the dif- 
ferent depths and depth ranges from which the plant in question derives its 
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water supply. To carry out such a project would naturally involve very 
much more work on the part of the investigator than could be devoted to 
the present preliminary and reconnaissance study. Indeed, such a thorough 
study as has just been suggested would generally require the cooperation of 
several workers. Nevertheless, such studies should be much more readily 
carried out by means of the soil-point method than by any other means thus 
far introduced. 

Soil-moisture conditions of a thoroughly watered lawn 

A number of soil-point tests were made, at several times in the growing 
season of 1925, on one of the very well kept greens of the golf course of the 
Baltimore Country Club, and simultaneously on the less well kept border of 
the green and on the surrounding lawn. The sod of the green was composed 
of an exceedingly dense growth of Washington bent grass, artificially 
watered every day excepting in periods of rain and mowed almost daily, 
with the mower knife set very low so that the grass never attained a height 
much greater than about two centimeters. The border, about 1.5 m. wide, 
was occupied by blue-grass, which probably received somewhat less artificial 
watering and was mowed less frequently and not so closely. The readings 
representing the surrounding lawn were made about 5 m. out from the edge 
of the green itself, where very much less water was added artificially than 
in the case of the green and border and where blue-grass was still dominant 
but not nearly as luxuriant as in the border. 

The water-supplying-power values that were secured, for the 6-cm. depth, 
are shown in table IX. The exceptionally high values for all three tests on 
July 23 are due to an efficient rain that occurred on the preceding day. 


TABLE IX 

Comparative water-supplying-power values at the 6-cm. depth op a well- watered 
GOLF GREEN AND THE SURROUNDING LAWN 


Date 

Golf green 

Border 

Surrounding lawn 

July 17 

1027 

465 

115 

23 

2652 

2040 

1271 

Aug. 10 

1452 

1355 

230 

Nov. 19 

1813 

1692 

523 


These observations indicate that where great care was taken of a lawn 
area, particularly in the case of a golf green, the artificial irrigation (ap- 
plied according to the judgment of the greenskeeper) resulted in maintain- 
ing the water-supplying power of the soil of the surface layer at a value not 
lower than about 1,000. It seems probable that the green here considered 
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was artificially watered somewhat more than was actually necessary, but 
good practice would generally apply some excess. On the other hand, there 
is, of course, some danger in too excessive irrigation, which might reduce 
soil aeration — the oxygen-supplying power of the soil; see Hutchins and 
Livingston (7) and Hutchins (6) — to a degree that would be directly or 
indirectly injurious to the grass, and might also encourage attacks on the 
grass roots and leaves by parasitic fungi, etc. 

Summary 

The two most important influences of the environment acting on upland 
plants during the growing season, as far as the water relations! of such 
plants are involved, are the water-supplying power of the soil about their 
roots and the evaporating power of the air about their leaves. The water- 
supplying power of the soil is considered in some detail in this paper, with 
special reference to lawn plants, and some attention is given to evaporation, 
especially to the relations between the two. 

Soil-moisture conditions were studied by means of the soil-point method, 
which involves the use of small, porous-porcelain cones to absorb water from 
the soil about the plant roots. The ability of the soil to deliver water to 
the porous-porcelain absorbing surface placed in capillary contact with it 
is considered as a measure of its initial ability to deliver water to a surface 
unit of the plant root system. The soil-point readings are expressed as the 
amount of water, in milligrams, absorbed by a single soil-point when exposed 
for one hour in the soil. The absorbing surface of the instrument is about 
12 sq. cm. in extent. 

Evaporation conditions were measured and compared by means of spher- 
ical, porous-porcelain atmometers, the amount of water lost, expressed in 
cubic centimeters, from the standard blackened sphere in a given period 
being considered as an approximate measure of the drying influence exerted 
by the aerial surroundings on the soil and plant. . 

A study was made of a Baltimore lawn with respect to the variations 
occurring in the water-supplying power of the soil at a depth of 6 cm., as 
these variations were related to the condition of the plants and to the inten- 
sity of evaporation, by which it was brought out that Kentucky blue-grass 
and white clover responded quickly and definitely to insufficiency of water 
when the water-supplying power of the gradually drying soil had decreased 
below a critical value and that these plants responded a little less quickly 
also to an increase in the water-supplying power when the inadequately wet 
soil was wetted by rain and the capacity of the soil to deliver water to the 
instrument increased from below to above the critical value. The plants 
responded in a few days (3 to 5) to variations occurring in the vicinity of 
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the critical value. Attention is called to the fact that high values of the 
water-supplying power, as given by this method, are not quantitatively com- 
parable to values below about 600, but that values between 0 and about 600 
appear to be comparable. The plants were healthy as long as the value 
of the water-supplying power of the soil was above about 500 and the crit- 
ical value for the beginning of drouth injury, or for the beginning of re- 
covery when the plants had been previously injured by an insufficiency in 
their water supply, was found to be about 100 or somewhat below. It seems 
that the soil-point method may be useful in determining and outlining the 
best irrigation practice, at least for lawns in humid or semi-humid, tem- 
perate regions. Its use might result in improved efficiency in the use of 
water, in the application of labor, and in better and more uniform grass 
condition throughout the growing season. 

A series of studies on sloping lawn areas showed that the water-supplying 
power of the soil was generally highest at the base of the slope and lowest 
at the top, and that the plants were correspondingly most vigorous at the 
base and ieast healthy at the top. The distribution of different plant forms 
on a slope is apparently closely related to what would be expected from a 
knowledge of the variations in the soil-moisture index throughout the grow- 
ing season, with the least xerophilous forms occurring or prevailing at points 
where the index value is never low for any extended time. The soil-point 
method consistently showed that the water-supplying power at the 6-cm. 
depth was generally notably higher in areas of healthy plants than in ad- 
jacent areas where the plants were visibly in poorer condition. 

For periods of drouth in the shaded lawn area under the branches on the 
northeast side of a tree the lawn plants were generally much more vigorous 
than in the neighboring open lawn or on the southwest side of the same 
tree, and the soil-point readings showed corresponding differences in the 
water-supplying power of the soil. 

Frequently mowed lawn areas generally gave considerably lower soil- 
point readings than did adjacent unmowed areas when the plants were in 
good condition in both areas. 

In a lawn where several different plant forms occurred in local areas, 
each area being dominated by a particular form, observations on the health 
of the plants, taken together with corresponding soil-point readings made 
at the 6-cm. depth from time to time during the progress of a drouth period, 
indicated that these readings might serve as indices for classifying the 
several plant forms according to drouth resistance. Narrow-leaved plantain 
(Plant ago lanceolata L.) and knotweed (Polygonum aviculare L.) were the 
most drouth-resistant forms noted in this way, while Kentucky blue-grass 
( Poa pmtensis L.) was the least resistant. If the degree of drouth resistance 
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is estimated on the basis of soil-point readings taken in a drouth period and 
at the 6-em. depth, it is of course to be expected that deep-rooted plants 
(such as white clover) will be indicated as more drouth-resistant, than shal- 
low-rooted plants (such as Kentucky blue-grass). 

The common field mushroom ( Agaricus campestris L.) appeared in these 
lawns only in spots where Kentucky blue-grass was in good condition and 
where the water-supplying power was above 100 at the time the fruiting- 
bodies were pushed above the soil surface. 

It is possible to employ the soil-point method for studying moisture con- 
ditions at several depths. Some tests of this kind showed that the water- 
supplying power of the soil varied at different depths in a way that would 
be expected from a knowledge of recent precipitation and evaporation 
conditions. 

The water-supplying power of the soil at the 6-cm. depth was found to 
be nearly always greater than 1,000 in lawn areas (as golf greens) where the 
grass was kept in excellent condition throughout the growing season by 
frequent watering and mowing. 

For the range of values from about 2,000 to about 100 the quotient se- 
cured by dividing the decrease occurring in a given period by the total 
evaporation from the standard blackened atmometer sphere for the same 
period was found to be nearly constant, with a value of 4.3. 

It is suggested that atmometer records kept during the growing season 
might give reliable indications as to when water should be applied to a lawn 
in order to keep it always in excellent condition. 

LITERATURE CITED 

1. Briggs, L. J., and Shantz, H. L. The wilting coefficient for different 

plants and its direct determination. U. S. Dept. Agric., Bur., 
Plant Ind. Bull. 285. 1912. 

2. Caldwell, J. S. The relation of environmental conditions to the phe- 

nomenon of permanent wilting in plants. Physiol. Res. 1 : 1-56. 
1913. 

3. Dixon, H. H. Transpiration and the ascent of sap. 1914. 

4. Hardy, M. A. The soil-point method for directly estimating the water- 

supplying power of a soil in the field. Jour. Agric. Sci. 13: 355— 
360. 1923. 

5. . Field measurements of soil moisture. Tropical Agri- 

culture (Official journal of Imperial College of tropical agricul- 
ture, Trinidad). 1:97-100. 1924. 

6. Hutchins, L. M. Studies on the oxygen-supplying power of the soil 

as indicated by color changes in alkaline pyrogallol solution. To- 
gether with quantitative observations on the oxygen-supplying 
power requisite for seed germination. Plant Physiol. 1: 95-150. 
1926. 



440 


PLANT PHYSIOLOGY 


7. , and Livingston, B. E. Oxygen-supplying power of the 

soil as indicated by color changes in alkaline pyrogallol solution. 
Jour. Agr. Res. 25 : 133-144. 1923. 

8. Koketsu, R. tJber die Anwendung der Mimosa pudica als Xndexpflanze 

zur Bestimmung des Wasserhaltungsvermogens verschiedener 
Bodenarten in Beziehung auf das Welken der Pflanzen. Bot. Mag. 
Tokyo 39: 1925. 

9. Livingston, B. E. The relation of desert plants to soil moisture and 

evaporation. Carnegie Inst. Wash. Pub. no. 50. 1906. 

10. . Atmometry and the porous cup atmometer. Plant 

World 18: 21-30, 51-74, 95-111, 143-149. 1915. 

11. , and Hawkins, L. A. The water relation between plant 

and soil. Carnegie Inst. Wash. Pub. no. 204: 3-48. 1915. 

12. , Hemmi, T., and Wilson, J. D. Growth of young wheat 

plants in auto-irrigated soils, as related to the water-supplying 
power of the soil and to the adjustment of the auto-irrigator. 
Plant Physiology 1 : 387-395. 1926. 

13. — — — -, and Koketsu, R. The water-supplying power of the 

soil as related to the wilting of plants. Soil Science 9: 469-485. 
1920. 

14 . and Ohga, I. The summer march of soil moisture con- 

ditions on a lawn. Ecology 7 : 427-439. 1926. 

15. and Shreve, Forrest. The distribution of vegetation 

in the United States, as related to climatic conditions. * Carnegie 
Inst. Wash. Pub. no. 284. 1921. 

16. Mason, T. G. The physiological humidity of the soil and its direct de- 

termination. West Indian Bull. 19 : 137-154. 1922. 

17. Maxemow, N. A. 1927. The physiological basis of drought resistance 

of plants. Proceedings of the Fourth International Congress of 
Plant Sciences. In press. 

18. Pulling, H. E. The rate of water movement in aerated soils. Soil 

Science 4: 239-268. 1917. 

19. ■, and Livingston, B. E. The water-supplying power of 

the soil as indicated by osmometers. Carnegie Inst. Wash. Pub. 
no. 204: 49-94. 1915. 

20. Shapovalov, Michael. Ecological aspects of a pathological problem. 

(Western yellow blight of tomatoes.) Ecology 6 : 241-259. 1925. 

21. Thone, Frank. Ecological factors in region of starved rock, 111. Bot. 

Gaz. 74:345-368. 1922. 

22. Veihmeyer, F. J. Some factors affecting the irrigation requirements 

of deciduous orchards. Hilgardia 2 : 125-284. 1927. 

23. , and Hendrickson, A. H. Soil moisture conditions in 

relation to plant growth. Plant Physiol. 2: 71-82. 1927. 


DIFFERENTIAL STAINING OF SPECIALIZED CELLS IN 
BEGONIA WITH INDICATORS 

Dean H. Bose and Annie M. H u r d-K arrer 
(with three figures) 

Introduction 

Although it has long been known that Begonia plants are characterized 
by a very high oxalic acid content (8, 12), some recent reports of pH values 
for the expressed juice as low as 1.3 (22) and in some cases even lower (25) 
have again called attention to the high acidity of this plant. Values of this 
magnitude indicate hydrogen-ion concentrations almost as great as that of 
N/10 hydrochloric acid, and ten times as great as that of lemon juice 
(6, 10, 25) . Acidities of approximately this magnitude have been reported 
for a number of fruits (1, 6, 9) in which the extremely acid sap is probably 
localized in special cells or vacuoles (9, 17). The reports of even higher 
concentrations of acid in leaf and stem tissue of Begonia raise the question 
as to whether the acid sap may be localized in special cells in this plant also. 

Enzymes supposedly indispensable to plants are inactivated by acids of 
the concentrations found in the leaves and stems of Begonia (1, 3, 4, 7, 19, 
26). Furthermore, it is now held (13, 20) that the normal hydrogen-ion 
concentrations of plant tissues are quite close to the isoelectric points of the 
constituent proteins. In fact, the pH values reported for most plants lie 
on the alkaline side of the isoelectric point (13, 20), and according to 
Pearsall and Priestley (14), the isoelectric points of the principal plant 
proteins fall between pH 3.0 and pH 6.0. 

There are statements in the literature, based on studies of the localization 
of acid in Begonia and other acid plants, to the effect that not all the cells 
are highly acid (8, p. 359, 12, p. 372). The observations noted in the present 
paper were made with the object of obtaining further evidence on this 
question by determining the color reactions of individual cells of freshly 
cut sections in indicator solutions. 

Methods 

The staining of freshly cut sections of plant material with solutions of 
various indicators has been quite widely used as a method of determining 
the acidity of individual cells (1, 15, 18, 24), although Ruhland (21); 
questioned its usefulness with the indicators he used. It is recognized, of 
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course, that exact determinations of pH values are impossible with this 
method, owing to errors from interference of salts, proteins and other sub- 
stances with the color reactions of the dyes. Nevertheless it was considered 
probable that for the purpose of the present investigation relative values 
might be obtained which would be significant. 

The plants used in the investigation were, for the most part, Begonia 
corallina lucerna and B. heracleifolia. 1 They were grown in the greenhouse 
and studied during the winter months only. 

Longitudinal sections and cross sections of petioles and young stems, 
and cross sections of the leaves were examined. The sections were cut fairly 
thin, from one to several cells thick. They were first rinsed quickly in 
water to remove the acid from the cut cells, and then placed either in several 
drops of the indicator solution on a microscope slide or in a larger quantity 
of dye in a depression of a drop-plate. 

The indicators used were, for the most part, brom cresol green, brom 
phenol blue and thymol blue in aqueous solutions made up according to 
the recommendations of Clark (5). Thymol blue and brom phenol blue 
were used in 0.4 per cent, solutions, but the brom cresol green was usually 
diluted to a 0.2 per cent, solution, and sometimes to 0.1 per cent. 

For estimating the hydrogen-ion concentrations of the cells by their 
colors after staining, color standards were made up with buffer solutions 
covering the range of each indicator. The indicator chart given by Clark 
(5) was also found useful for rough estimations. 

Results 

When sections of the stems or petioles of Begonia are immersed in a 0.2 
per cent, solution of brom cresol green, they are immediately dyed yellow, 
indicating an acidity greater than pH 3.0. The originally green or blue 
external solution usually becomes yellow also, owing to diffusion of acid 
from the sections. If this acidified solution is removed and replaced with 
more of the original indicator solution, most of the cells turn green after 15 
to 30 minutes, varying from yellowish green corresponding to about pH 4.4, 
which is frequently obtained with B. heracleifolia , to a blue green indicating 
about pH 4.8. With weaker indicator solutions, and relatively long immer- 
sions, these cells become a deep blue, corresponding to pH 5.0 or above. 
However, if the acidified indicator solution is not replaced by more of the 
original solution, the sections remain yellow for a long time, often for 
several hours, although they usually turn green or blue eventually. 

1 A few tests made on leaf petioles of ten varieties of B. rex, three of B. metalliea, 
and one each of B. prunifolia, peltata , ricinifolia, nelumbifolia, lucerna , and giUoni\ 
showed essentially the same staining reactions as those obtained with B. corallina lucerna 
and heracleifolia. 
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Fig. 1. Cross section of petiole of Begonia heracleifolia stained with brom cresol green 
showing distribution of specialized cells containing crystals of calcium oxalate. 
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Scattered without apparent order in cross sections, but appearing in 
rows in longitudinal sections are cells which do not turn green or blue on 
standing in brom cresol green (fig. 1). The yellow color taken on by these 
cells gradually deepens until after 15 to 30 minutes it becomes an orange 
yellow. After still longer intervals the cells become a reddish orange color. 
This intensification of the color suggests that the dye accumulates within 
the cells owing to interaction with proteins or other cell constituents (20). 
When stained under similar conditions with brom phenol blue, these cells 
become yellow (<pH 2.5), while the rest are purple (>pH 4.4); i n 
thymol blue they become a brilliant red (pH 1.2 to 1.5), 2 while the rest 


Fig. 2. Longitudinal section of petiole of Begonia heracleifolia stained with thymol blue 
showing distribution of specialized cells containing crystals of calcium 
oxalate. (Photograph of an autochrome). 

2 The specialized cells of B. corallina lucerna did not become red in thymol blue 
unless the sections had been previously treated with chloroform or ether, which ap- 
parently increased their permeability to the dye. With the other indicators this variety 
gave the same color reactions as B . heracleifolia . 
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are yellow (> pH 3.0). They contain crystals of calcium oxalate, 3 and are 
evidently similar to the crystal-bearing cells reported to occur in a number 
of plants by de Bary (2, p. 137), and others, and found by Gtessler (8, 
p. 359), in Begonia . Thus, evidence of the specialized nature of these cells 
is afforded not only by the presence of the crystals but also by their stain- 
ing reactions with indicators. 

Occasionally, crystals were seen in cells that appeared from their stain- 
ing reactions to be ordinary unspecialized cells; but in most sections they 
occurred almost entirely in the apparently specialized cells. In longitu- 
dinal sections the crystals were in rows (fig. 2) thus distinguishing the spe- 
cialized cells even in unstained tissue (fig. 3). 

It was found that the crystals predominating in Begonia her aclei folia 
were sometimes large tetragonal bipyramids (fig. 2), and at other times 
rosette aggregates (fig. 1). Those predominating in B. corallina lucerna 
were monoclinie forms occurring in rosette aggregates such as those shown 
for another species in fig. 3. Pfeiffer (15) has stated that the monoclinie 
form of calcium oxalate is precipitated from solutions having relatively 
high hydrogen-ion concentrations, while the other form occurs in neutral or 
basic solutions. Our observations do not substantiate this distinction so far 
as it applies to conditions in the cells of Begonia , for both forms of crystals 
were found commonly in cells whose color reactions indicated an acidity of 
at least pH 1.5. Judging by their color reactions, the specialized cells of 
B. heracleifolia, which ordinarily contained the tetragonal bipyramids, were 
no less acid than those of B . corallina lucerna which contained the mono- 
clinie forms. In B. ricinifolia there was frequently more than one crystal 
in a single cell and sometimes both the tetragonal and the monoclinie forms 
appeared to occur in the same cell. It is possible, however, that the rosette 
aggregates were imperfectly developed crystals grown together in a stellate 
group which, as mentioned by de Bary (2, p. 138) may appear to belong 
as well to one system as to the other. 

The specialized crystal-containing cells were found among the paren- 
chyma cells of the leaves of Begonia as well as in the stems and petioles. 
They were conspicuous in cross sections of even the youngest unfolded 
leaves around the apical bud. They occurred also in the flower stem and 
the branches of the inflorescence. They were not seen in the petals nor 
stamens, nor in the roots. In old stems and petioles of B. lucerna and 
B. rex occasional cells with much thickened and apparently pitted walls 
were observed. These cells took on colors corresponding to the highly 
acid forms of the indicators but did not contain crystals. 

3 We are indebted to Mr. Geo. L. Keenan, of the Food, Drug and Insecticide Ad- 
ministration for the identification of these crystals. 
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Unstained epidermal tissue stripped from a petiole of Begonia $p. showing dis- 
tribution of specialized cells containing crystals of calcium oxalate. 
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It became apparent early in the present investigation that because of 
the wide difference in the color of the ordinary cells under different con- 
ditions of staining, their acidity could not be satisfactorily determined by 
the usual method of staining with indicators. Thus, in solutions of brom 
cresol green, their color varied from yellow (< pH 3.0) to blue (> pH 5.0) 
according to certain external conditions. As previously described, these 
cells, which were first dyed yellow in brom cresol green, turned green within 
15 minutes if the external yellow indicator solution were replaced with 
more of the original dye as fast as it became acidified by the acid leaching 
from the sections. If, however, the external solution were not renewed, 
they remained yellow for hours. Eventually, however, all but the special- 
ized cells became green or blue while still immersed in the yellow indicator 
solution. The blue color usually appeared only after the section had lain 
for an hour or more in a relatively small quantity of a dilute solution (0.1 
per cent.). When the section was more deeply immersed in a larger quan- 
tity of the dye, the blue color appeared much more slowly, if at all. 

In itself, the appearance after about 15 minutes of this deep green or 
blue color would appear to indicate a reaction near pH 5.0 in the ordinary 
cells. However, there are several reasons for believing that this value does 
not represent the true acidity of the uninjured tissue. In the first place, 
there is such rapid diffusion of acid from the sections into the external dye 
solution that it would be unsafe to conclude that the reaction indicated 
by the colors appearing in the tissue after any appreciable interval of time 
is accurately indicative of the natural reaction of the cells. In the second 
place, the sections become yellow when first immersed in brom cresol green 
and turn green or blue only after some time has elapsed. In the third 
place, sections thinly covered with the indicator solution on a microscope 
slide often became blue, while those submerged more deeply in some of the 
same solution in a depression of the drop-plate remain yellow. This fact 
suggests that the availability of air has something to do with the appear- 
ance of the blue color. In the fourth place, the possibility that the green 
or blue color merely indicates the disappearance of the original acidity is 
also suggested by the fact that the acid which leaches from the tissue into 
the external indicator solution, and turns it from green or blue to yellow, 
disappears after a few hours, as shown by the gradual return of the original 
color of the solution. This change occurs only when the solution remains 
open to the air and in contact with the tissue. 

It was found that the acidity of water in which pieces of tissue of 
Begonia heraeleifolia had been left overnight varied greatly according to 
the depth of submergence of the material. When stems and petioles were 
cut up into small pieces and placed in a test tube, covered with distilled 
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water, and allowed to stand over night, the water became very acid by 
morning. When, however, similar tissue was barely submerged in the 
same volume of water in a watch-glass, the water became very acid at first 
but by morning was neutral to litmus. This experiment was repeated with 
B. ricinifolia, a few drops of brom cresol green being added to each prepara- 
tion. The water in both the test tube and the watch-glass quickly became 
yellow as acid leached into it from the tissue. The next morning, the water 
in the test tube was still yellow (< pH 3.0), while that in the watch-glass 
had become a deep blue (> pH 5.0). 

The only apparent difference between the two preparations was in the 
degree of exposure of the material to air. Accordingly, another experi- 
ment was set up, with B. ricinifolia petioles, to determine the effect of pull- 
ing air through the water by means of a suction pump. Two similar lots 
of tissue (2 grams each) were completely immersed in distilled water (5 cc.) 
to which a few drops of brom cresol green had been added. Air was bub- 
bled vigorously through one preparation, while the other stood corked be- 
side it. In less than an hour, the one through which air was bubbling was 
green, and in about an hour and a half it 'had become a deep blue. The 
other remained yellow. The experiment was repeated with similar results 
with B. corallina lucerna and with B. lucerna . It was found, also, that in 
no ease did the acid disappear unless the solution w T as in contact with pieces 
of tissue. 

This disappearance of the acid whieh leaches from the tissue indicates 
that the green and blue colors appearing in cells of Begonia sections im- 
mersed in brom cresol green, and the corresponding colors obtained with 
other indicators, result from oxidations or other reactions which take place 
within the cells when the tissues are exposed to air. 

In order, therefore, to determine with greater certainty the reaction of 
the fresh tissues immediately after sectioning, single cells of the young 
stems and of petioles were punctured under the microscope in the presence 
of small quantities of various indicator solutions. A sharpened dissecting 
needle, bent at right angles about one-fourth inch from the point, was used 
to puncture the cells. 

A vivid coloration corresponding to the highly acid form of the dye 
invariably appeared at the point of puncture regardless of whether the 
punctured cell was a specialized cell or an ordinary cell. The colors ob- 
served and the corresponding pH values are tabulated below. 

Thus it was found that when the cells of freshly cut sections immersed 
in an indicator solution were punctured, there was no appreciable difference 
between the color appearing in the specialized cells and that in the ordinary 
cells. After about 15 minutes, i.e., the time ordinarily taken for the highly 
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TABLE I 

Approximate pH values obtained by puncturing single cells op freshly cut tissues 
of Begonia heracleifolia in indicator solutions 


Indicator 

Color in punctured cells 

pH values 

Methyl orange 

pink 

< 3.0 

Brom cresol green 

yellow 

< 3.0 

Brom phenol blue 

yellow 

< 2.5 

Crystal violet 

blue 

1.5-1.7 

Thymol blue 

red 

1.2— 1.5 


acid reaction of the ordinary cells to disappear when the sections were im- 
mersed in an indicator solution, puncturing the ordinary cells no longer 
resulted in the appearance of the highly acid form of the indicator. It 
appears that in freshly cut sections the ordinary cells are as acid as the 
specialized cells, while in older sections they are not. The two types of 
cells are evidently very different physiologically, inasmuch as the ordinary 
cells quickly lose their acid, while the specialized cells seem to retain it 
indefinitely. 

Recently Small (24) has suggested a procedure for staining indi- 
vidual cells which consists in allowing cut sections of the plant to remain 
over night in a watch-glass containing dilute indicator solution. The 
colors in the cells as seen under the microscope the next morning are con- 
sidered indicative of the cell acidity. Our investigation has shown that 
the error which results from the use of this method with such tissues as 
those of Begonia is very great. The difference between the apparent acid- 
ity of the cells of freshly cut sections of Begonia and those of sections 
which have stood over night in a dilute solution of brom cresol green 
amounts to several pH units. Thus all the cells of sections placed in 
the indicator in a watch-glass are yellow (<pH 3.0) for at least ten 
minutes after immersion, and show no color but yellow when punctured in 
the presence of the dye ; but after standing over night in the dye, most of 
them (all except the specialized cells) are green or blue (> pH 5.0). If 
not submerged too deeply in the solution, this color change, from yellow 
through various shades of green to blue, may take place within two hours 
and sometimes less. Therefore, in order to accept the pH values indicated 
by the colors in cells which have stood in indicator solutions for some time, 
it is necessary to assume (1) that no significant quantity of acid leaches 
out from the cells during the interval, and (2) that the acidity has not 
been changed appreciably by chemical reactions taking place in the cells. 
There is considerable evidence that both these processes take place in 
Begonia. 
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Likewise the method suggested by Small (24) does not give an accurate 
indication of the relative hydrogen-ion concentrations in adjacent cells of 
Begonia. Thus, at first all the cells are the same shade of yellow in brom 
cresol green, the first differentiation being merely an intensification of the 
yellow in the crystal-containing cells. After an hour's immersion in the 
indicator these specialized cells become a reddish orange. During this 
time the background cells are becoming less and less yellow, turning to 
green under certain conditions and finally to blue. In brom phenol blue 
and thymol blue, equally striking differentiations are obtained. After 
several hours, the apparent pH values of the two types of cells may differ 
from each other by as much as two whole pH units. Yet, on puncturing 
them in the presence of indicators immediately after cutting, no evidence 
of any appreciable difference in their acidity can be obtained. 

It is believed by some that oxidases are universally distributed in living 
plants (18). In view of the extremely high hydrogen-ion concentrations 
found throughout the tissues of Begonia , it was of interest to determine 
whether the usual oxidase tests could be obtained. Sections of stems, leaves 
and petioles were placed in solutions of benzidine, and of gum guaiacum. 
In both reagents the specialized cells became blue with the precipitate which 
is commonly assumed to indicate oxidase activity. Only traces of color 
appeared in the ordinary, unspecialized cells. The difference between the 
reaction in the two types of cells was especially striking in longitudinal 
sections in which the deeply stained specialized cells appeared in rows. 
Judging by their colors in indicator solutions, all these cells have hydrogen- 
ion concentrations of at least pH 1.5, at -which reaction oxidases have been 
found to be inactivated (3, 19). 

This paradoxical situation seems inexplicable except on the supposition 
that in spite of the appearance of uniform coloration in the cells, the proto- 
plasm is isolated from the highly acid sap by an impermeable surface. Un- 
like the situation described by Reed (17) for citrus fruits, the oxidase re- 
actions in Begonia appear to be coincident with the high acid reactions. 
However, no reaction with either benzidine or gum guaiacum was obtained 
in the expressed juice ; so it seems that in spite of lack of visible evidence 
of their separation, the enzymes and cytoplasm of Begonia are not in con- 
tact with the acid sap in uninjured cells. It is interesting in this con- 
nection to note that Tunmann (27, p. 441), Lundegabdh (11, p. 202), and 
Schaede (23, p. 219), found that various plant cells show an alkaline re- 
action in the cytoplasm and an acid reaction in the sap of the vacuoles. 
Haas (9) expresses the opinion that in the highly acid cells of the cranberry, 
the acid sap is probably confined to vacuoles rather than imbibed in the 
protoplasm. Reed (18) considers this to be generally true in highly acid 
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tissues. If this be the case in Begonia , the protoplasm must be limited to 
such a thin layer that its color reactions in indicators are masked by those 
of the acid sap occupying most of the space within the cell. 

Summary 

1. The freshly cut tissues of leaves, petioles and young stems of Begonia 
are characterized by hydrogen-ion concentrations corresponding to at least 
pH 1.5, which is in close agreement with electrometric determinations of the 
acidity of the expressed juice. 

2. The usual method of vital staining by immersion of cut sections in 
solutions of indicators is not reliable for tissues such as those of Begonia, 
for the reason apparently that chemical changes which result in a decrease 
•in the cell acidity occur in most of the cells when the sections are exposed 
to air. Thus the color of sections in brom eresol green changes from yellow 
(<pH 3.0) to green (pH 4.5) in 15 minutes, and to blue (> pH 5.0) in 
an hour, unless the sections are deeply immersed in the solution. 

3. Although all the cells appear to be alike in having an extremely high 
acidity when the sections are first cut, nevertheless two physiologically 
different types of cells are sharply differentiated after the sections have 
been in the indicator solutions for about 15 minutes. Most of the cells 
rapidly lose their high acidity, as shown by a change in color toward the 
alkaline form of the dye, but others (the- so-called “specialized” cells) 
seem to retain their acidity, the acid color of the dye persisting in them in- 
definitely. These specialized cells contain crystals of calcium oxalate and 
occur in rows lengthwise of the tissues. 

4. Additional evidence of a physiological difference between the two 
types of cells appears when sections are immersed in solutions of the oxidase 
reagents benzidine and gum guaiacum. The specialized crystal-containing 
cells become blue in these reagents, while the rest of the tissue shows but 
a trace of color. 

5. These oxidase reactions do not take place when the reagents are added 
to the expressed juice, apparently indicating that in uninjured cells the 
enzymes are not in contact with the acid sap. 

Bureau of Plant Industry, 

United States Department of Agriculture, 

Washington, D. C. 
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A MODIFIED KJELDAHL METHOD FOR THE DETERMINATION 
OF THE NITROGEN CONTENT OF YEAST 


Leo M. Christensen and Ellis I. Fulmer 

In previous studies on nitrogen fixation by yeast (2) it was noted that 
“according to the method of analysis used (Kjehldahl) there was a loss in 
nitrogen in the beginning and that actual gain in nitrogen was not apparent 
until after six or eight weeks. Moreover at the particular pH in which 
there was a maximum preliminary loss there was the maximum gain or 
fixation after the longer time interval.” It was stated that “this phe- 
nomenon has been observed many times in our work and after considering 
all phases of the matter, our hypothesis is as follows : Yeast is known to be 
rich in ring nitrogen compounds and in the early stages of growth the 
nitrogen may be thrown into a compound not to be analyzed by the usual 
methods. Later in the growth these compounds may be transformed into 
materials amenable to the analysis used.” 

This communication deals with the development of a method by which 
larger percentages of nitrogen are obtained from yeast than are secured by 
the usual Kjeldahl procedure. Many modifications of the Kjeldahl method 
have been described by Hepburn. (4). The use of hydrogen peroxide 
during digestion has been proposed by Berman (1), Heuss (5) and Klee- 

MAN (6). 

The three general methods for nitrogen determination in organic com- 
pounds are : 

1. Dry combustion and oxidation to elementary nitrogen (Dumas). 

2. Liberation of the nitrogen as NH 3 by heating with an alkali. 

3. Wet combustion and reduction of all nitrogen to ammonia (Kjel- 

dahl). 

The Dumas method is perhaps the most universally applicable although 
it tends to give high results. Preliminary experiments with the first two 
methods with dry and fresh yeast gave the results shown in Table I as an 
average of four determinations. 

From these results it is apparent that some other method of analysis 
than the usual Kjeldahl is essential in order to follow the change in nitrogen 
content of a medium in which yeast is growing. The Dumas method is not 
applicable because of the time required for a determination and because of 
the difficulty in handling large amounts of material with so little nitrogen. 
Moreover, the method is not suitable for use with the volumes of liquid used 
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TABLE I 

Percentage of nitrogen 


Yeast 

Dumas 

(®) 

Kjeldahl 

(6) 

b 

- x 100 
a 

Dried 

9.00 

7.95 

88.5 

Fresh 

2.24 

2,02 

90.1 


in biological work. The alkali distillation methods seem never to have been 
very generally applicable and only one, the Ter Meulen method, was tried. 

Ter Meulen method 

H. Ter Meulen (8, 9) devised a modification of the old soda lime 
process with some real improvements. The sample is well mixed with 
anhydrous sodium carbonate and a little reduced nickel and placed in a 
quartz combustion tube. The rest of the tube is filled with asbestos coated 
with reduced nickel. Hydrogen, freed from ammonia and saturated with 
water vapor, is passed over the sample and then over the reduced nickel, 
both at 350° C. The gases issuing from the combustion tube are passed 
through a condenser and through a dilute acid. Ammonia may be deter- 
mined in any of several ways. He obtained very good results with this 
method in the analysis of several kinds of flour, coal, oil cake, casein, 
gelatin, glue and other materials, and stated that the analysis required only 
a few minutes. In general higher results are obtained than by the Kjeldahl 
method. This seemed to offer possibilities in the analysis of yeast but even 
with several hours of heating and with temperatures of 800-900° C., the best 
result obtained was 6.05 per cent, nitrogen, which is but 75 per cent, of the 
Dumas result and considerably lower than the Kjeldahl. Obviously this 
method is not suited to the analysis of nitrogen in yeast. 

Some modification of the Kjeldahl method would seem most desirable. 
The following experiments were carried out in an attempt to devise a more 
suitable Kjeldahl method. 

Variation in catalyst 

A large number of modifications is based on the use of some particular 
catalyst. The Gunning modification made use of potassium sulphate, which 
acts by raising the temperature of the digestion and therefore is not strictly 
a catalyst, and this more than any other factor affects the rate of digestion. 
Without K 2 S0 4 (H 2 S0 4 alone) it required 6 hours to digest 0.5 gm. of 
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yeast, while with potassium sulphate present the digestion was shortened to 
2 hours and 30 minutes. The maximum amount of potassium sulphate that 
can be used without solidification of the digestion mass on cooling is 10 gm. 
per 25 cc. of sulphuric acid. 

Many metals or their salts have been used as catalysts, the most common 
being copper or mercury. Other metals tried were vanadium, chromium, 
and manganese or their salts but the results showed that these possessed 
no advantage over the copper or mercury. 

It was found in all cases advisable to continue the digestion for three 
hours after the mixture became clear in order to obtain maximum yields of 
nitrogen from the yeast ; more or less than this heating tended to give lower 
results. 

Addition of oxidizing agents to the sulphuric acid during or at 
the end of digestion 

A large number of modifications is based on the use of oxidizing agents 
during or at the end of digestion. KMn0 4 is commonly used. Directions 
generally are to add one or two crystals at the end of the digestion, and to 
avoid an excess, as indicated by a blue or purple color. Persulphates and 
hydrogen peroxide have been employed by a number of investigators. They 
are generally added early in the digestion. 

It was found that potassium permanganate does not give higher yields 
of nitrogen from yeast when added in varying amounts either during or 
at the end of the digestion ; but if added in excessive amounts (sufficient to 
cause purple color) there is a decided lowering of the nitrogen obtained, 
especially if the solution is heated after the addition of KMn0 4 . 

H 2 0 2 in the form of a 30 per cent, solution known as perhydrol or super- 
oxol was added during digestion, in quantities of 5 to 15 cc. Although the 
digestion was materially hastened by the addition of such amounts, there 
was no increase in the yield of nitrogen, although like KMn0 4 it was apt to 
cause lowered yields when added in too large quantities. When it is used, 
.a blank must always be run to take care of the nitrogen in the superoxol, 
which may amount to 15 mg. per 100 cc. Several other oxidizing agents 
were used. V 2 O g , Cr0 3 , Mn0 2 did not appear to have any beneficial effect 
but were apt to be detrimental when added in large amounts. 

Preliminary hydrolysis and oxidation 

The hypothesis was advanced that certain ring nitrogen compounds in 
the yeast did not yield all their nitrogen in the usual Kjeldahl method. 
If this is true it should be possible to render these compounds more 
amenable to analysis by an acid hydrolysis and oxidation preliminary to 
the digestion with concentrated sulphuric acid. 
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Refluxing 0.5 gm. of yeast with 30 cc. of water to which was added 1 cc. 
of concentrated sulphuric acid and then digesting in the usual way give 
slightly higher results than were obtained by the usual Kjeldahl procedure. 
Thus yeast which yielded 7.80 per cent, nitrogen by the Kjeldahl method 
gave 7.90 per cent, by this method. But when superoxol was added in this 
acid hydrolysis there was a very marked improvement. The preliminary 
experiments were carried out with 0.5 gm. of yeast which was placed in a 
500 cc. Kjeldahl flask and treated with 30 cc. of 20 per cent. H 2 0 2 in water, 
1 cc. of concentrated sulphuric acid, 10 gm of K 2 S0 4 and 0.4 gm. of 
CuS0 4 . 5H 2 0 and heated over a low flame in the digestion rack. When 
the contents of the flask were reduced almost to dryness the flame was re- 
moved and the flask allowed to cool and 24 cc. of concentrated sulphuric 
acid were added and the digestion carried out in the usual way. The 
amount of hydrogen peroxide and of sulphuric acid were found to be im- 
portant. The optimal results were obtained by the use of 15 per cent. 
H 2 0 2 by weight, 1 in the mixture to which were added the potassium sul- 
phate, copper sulphate and sulphuric acid. With more than 1 cc. of sul- 
phuric acid lower results were obtained while less acid gave erratic results. 
This method gave results considerably higher than the Kjeldahl method, 
yielding about 95 per cent, of the nitrogen obtained by the Dumas method. 

It is apparent that the method involving the preliminary acid hydrolysis 
and oxidation with 15 per cent. H 2 0 2 gives results with yeast more nearly 
approaching those obtained by the Dumas method. This method was then 
compared with the Dumas and the ordinary Kjeldahl for several organic 
compounds and organisms. The yeast nucleic acid and nucleo-protein were 
prepared by the method described by Hawk (3). The results of such 
analyses are given in table II. 

The modified Kjeldahl method gave results on yeast nucleic acid and 
yeast nucleoprotein as well as on dried and fresh yeast approaching those 
obtained by the Dumas method, and considerably higher than those given 
by the Kjeldahl method. When Fleisehmann’s yeast was dried in a vacuum 
at 40° C. there was practically no difference in the nitrogen content as deter- 
mined by the three methods, whereas there was a great difference when the 
same yeast was dried at atmospheric pressure and room temperature. Dried 
yeast seemed to lose nitrogen on storage, as indicated by the Dumas method, 
but there was a much lower loss as measured by the Kjeldahl method. 
These phenomena would indicate that some of the compounds not amenable 
to the Kjeldahl method are volatile. 

The heterocyclic ring compounds analyzed gave very nearly the same 
results by all three methods. It will be noted that diphenylamine gave 

1 The amount of H 2 0 2 present was determined by the permanganate method accord- 
ing to Merck (7). 
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TABLE II 

Nitrogen analysis of several substances by three methods 



Percent of nitrogen found 



Compound or 
material 

Calcu- 

1 LATED 

Dumas 

(®) 

. 

Kjeldahl 

w 

r . 

Modified 

Kjeldahl 

(«) 

b 

— xlOG 
a 

i x 100 

Caffeine 

28.9 

29.77 

28.63 

27.04 

96.2 

90.8 

Uric acid 

33.3 

33.24 

31.36 

31.58 

94.3 

95.0 

Theobromine 

31.1 

31.79 

30.56 

29.62 

96.1 

93.2 

Diphenyl amine 

8.3 

1 8.62 

8.18 

4.40 

94.9 

51.4 

Casein 


14.89 

13.66 

13.88 

91.7 

93.20 

Penieillium expansum, 
powdered, air dried. 
Mycelium and spores 


5.23 

4.66 

1 ■ ' 

5.00 

89.1 

95.6 

Aspergillus niger, pow- 
dered, air dried. My- 
celium and spores 


4.49 

4.42 

3.98* 

98.5 

88.9 

Yeast nucleic acid 


7.78 

6.72 

7.58 

86.4 

97.4 

Yeast nucleoprotein 


14.85 

12.14 

13.59 

81.7 

91.5 

Yeast, Fleischmann, 
dried at factory 


9.00 

7.95 

8.60 

88.3 

95.6 

Same yeast one year 
later 


8.28 

7.88 

7.93 

95.2 

95.8 

Yeast, Fleischmann, 
fresh, air dried 


* 8.46 

7.17 

7.45 

84.7 

88.0 

Yeast, Fleischmann, 
fresh, vacuum dried... 


7.54 

7.58 

7.63 

100.5 

101.2 

Yeast, Fleischmann, 
fresh 


2.24 

2.01 

2.28 

89.7 

102. 


* These are the highest results obtained by several determinations. 


very much lower results by the modified method, due to volatilization dur- 
ing the preliminary treatment. Of the two molds analyzed, one gave a 
higher result by the modified method and the other a very much lower 
result. Casein contained more nitrogen as determined by the modified 
than by the regular Kjeldahl method. 

The results indicate that for maximum yields of nitrogen the method 
needs to be adapted to the particular material to be analyzed. The method 
developed in this work is well suited for the analysis of yeast and yeast 
nucleo-protein and nucleic acid. 

Summary 

The following modified Kjeldahl method is proposed for the analysis of 
nitrogen in yeast. The sample is suspended in 20-30 ce. of a solution con- 
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taming 15 per cent, hydrogen peroxide by weight to which are added 10 
grams of potassium sulphate, 0.4 gram of copper sulphate crystals and 
1 ce. of concentrated sulphuric acid. The mixture is evaporated almost 
to dryness over a low flame. After the residue is cool it is digested ac- 
cording to the regular Kjeldahl method. This method gives 96-100 per 
cent, of the nitrogen in yeast according to the Dumas method. This method 
is not necessarily advantageous for all materials but the optimum concen- 
tration of peroxide may need to be determined in each case. 
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the influence of direct irradiation by a quartz 

MERCURY ARC LAMP UPON THE GERMINATION AND 
GROWTH OF CERTAIN SEEDS 

Charles Sheard and George M. Higgins 
(with five figures) 

In a previous paper (4) we submitted certain data concerning tbe effects 
produced on the germination of seeds and the growth of seedlings under 
restricted periods of selective irradiation as obtained by the use of filters 
which screened out, by successive steps, the various portions of the ultra- 
violet light radiated by a quartz mercury arc lamp. In this article there 
are presented determinations on the germination of common garden seeds 
and the growth of seedlings when irradiated for one, two, five and ten 
minutes every twenty-four hours respectively under the same lamp and 
when kept in darkness or under the subdued daylight as transmitted into 
the room by ordinary window glass. 

Experimental conditions 

An air-cooled quartz mercury- arc lamp* was used and operated at 70 
volts and at a distance of 50 cm. The lamp was standardized and found to 
give a grade 1 reaction, or transient erythema, of the normally unexposed 
skin of the upper arm in three minutes at a distance of 50 cm. and a 
grade 2 effect, or permanent erythema, in six minutes. 

Carefully selected seeds of lettuce, radish and turnip were placed upon 
moist blotters in suitable and similar glass containers, and each was covered 
with a piece of ordinary window glass of the same thickness which was 
removed only at the time of irradiation. Conditions were maintained as 
uniformly as possible with respect to temperature, moisture and methods of 
handling the seeds and seedlings. The seeds contained in two of the jars 
were kept as normal controls ; those contained in the remaining jars were 
irradiated from above for one, two, five and ten minutes, respectively, two 
jars and contents being used for each period of exposure. One jar of each 
pair was then placed in darkness until the next period of irradiation ; the 
second one in each case was subjected to the full complement of diffuse 
daylight present in the room and was exposed, therefore, to such infra-red, 
visible and ultraviolet radiations as penetrate window glass. Observations 

* The lamp used during these observations was made available through the courtesy 
of the Victor X-Bay Corporation. 
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were made at the end of the first twenty-eight hour period and at each 
twenty-four hour period thereafter. Measurements (millimeters) were 
taken on the growth of the seedlings attained at the end of each period. 
In order to differentiate the terms germination and growth, we are using 
here, as in the previous paper, the word germination to include the earlier 
and inner growth prior to the first external appearance of the seedling root 
or radicle. 

Experimental results 

Tabulations of the experimental data obtained under various periods 
of irradiation and subsequent disposition of the seedlings (that is, whether 
kept in the subdued daylight of the room or in a dark cabinet) are given 
in tables I, II and III. In figures 1 and 3 are shown graphically the effects 
of irradiation by a quartz mercury lamp on the growth of seedlings of let- 
tuce and turnip, respectively, when kept in darkness ; figures 2 and 4 show 
the effects of such irradiation upon like seedlings when kept under the in- 
direct and subdued daylight of the room. 



Pig. 1 . Relationships between the lengths of seedlings (mm.), daily period of irra- 
diation (minutes) and number of periods of irradiation in the ease of lettuce seed grown 
in darlmess. Curve 1, normal control; curve 2, one minute irradiation at 50 cm. by a 
quartz mercury arc operated at 70 volts; curve 3, two minutes daily irradiation; curve 
4, five minutes daily irradiation; curve 5, ten minutes daily irradiation. 
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TABLE I 

DAILY GROWTH OF LETTUCE SEEDLINGS (MI.) UNDER, SPECIFIED EXPERIMENTAL CONDITIONS 


Time 

ELAPSED 

Irradiated 

Non-irradi- 

1 MINUTE 
DAILY 

2 MINUTES 
DAILY 

5 MINUTES 
DAILY 

10 MINUTES 
DAILY 

ATED CON- 
TROLS 

Hours 

Dark* Light** 

Dark Light 

Dark Light | 

Dark Light 

Dark Light 

28 

1 0.5 

2 1 

2.0 2 

2.0 2 

3 0.0 

52 

5 2.5 

3 4 

6.0 5 

0.6 5 

7 0.5 

76 

18 6.0 

14 12 

11.0 15 

7.0 12 

25 1.0 

100 

24 11.0 

20 19 

12.0 15 

7.5 12 

33 1.0 

124 

35 20.0 

27 25 

13.5 14 

9.0 12 

42 4.0 

148 

42 30.0 

35 35 

15.0 13 

10.0 13 

50 4.0 

172 

46 35.0 

42 40 

15.0 13 

10.0 13 

60 12.0 

196 

50 40.0 

47 52 

15.0 13 

10.0 13 

70 12.0 


j All seeds and seedlings irradiated by a mercury-quartz lamp, operated at 70 volts, 

I at a distance of 50 cm. 

* Grown in a dark cabinet. 

** Grown under subdued or interior daylight as transmitted by ordinary window 
glass. 

Effects of irradiation on germination 

Seedlings kept in darkness. — Different effects appear to be produced 
on the germination of seeds when they are irradiated by the quartz mer- 
cury lamp, depending on whether the seeds are subsequently kept in the 
dark or under diffuse daylight. From the data in the tables it will be seen 
that germination is most rapid in normal, non-irradiated seeds kept in dark- 
| ness and least rapid for similar normal, non-irradiated seeds kept under 

I interior daylight. Irradiation by the mercury lamp does not appear to aid 

in the germination of seeds kept in darkness but apparently retards it 
slightly. 

Seedlings kept under diffuse daylight. — The converse of the last 
statement of the foregoing paragraph, however, is true in the case of seeds 
kept in subdued daylight. We may conclude, therefore, that the germina- 
tion of seeds, which normally germinate underground and in darkness, is 
j inhibited by interior daylight, which is possessed of practically no radiation 

of wavelength less than 370 mp, hence consisting of visible and some infra- 
red radiations only. Apparently ultra-violet radiation does not accelerate 
the endogenous growth of the seeds when kept under physiologic or normal 
) conditions; such radiation, however, definitely stimulates germination in 

| seeds which are in an unphysiologic environment. An initial irradiation of 

I ten minutes apparently produces the same rate of germination in seeds, 
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Fig. 2. Relationships between the lengths of seedlings (mm.), daily period of irra- 
diation (minutes) and number of periods of irradiation in the case of lettuce seeds grown 
under subdued daylight . Curve 1, normal control ;’ curve 2, one minute daily irradiation 
at 50 cm. by a quartz mercury arc operated at 70 volts; curve 3, two minutes daily irra- 
diation; curve 4, five minutes daily irradiation; curve 5, ten minutes daily irradiation. 

TABLE II 

Daily growth of radish seedlings (mi.) under specified experimental conditions 


Time 

elapsed 

Irradiated 

Non-irradiated 

CONTROLS 

1 MINUTE 
DAILY 

2 minutes 

DAILY 

5 minutes 

DAILY 

10 MINUTES 
DAILY 

Hours 

Dark 

Light 

Dark 

Light 

Dark 

Light 

Dark 

Light 

Dark 

Light 

28 

2 

0 

2 

0 

2 

1 

2 

1 

4 

0 

52 

10 

0 

8 

4 

7 

6 

6 

5 

12 

0 

76 

28 

2 

22 

12 

14 

25 

18 

25 

38 

0 

100 

40 

5 

32 

30 

15 

25 

18 

25 

50 

0.5 

124 

55 

18 

45 

45 

17 

22 

19 

22 

75 

2.0 

14S 

70 

30 

60 

50 

18 

20 

20 

20 

105 

3.0 

172 

87 

40 

68 

60 

19 

20 

20 

19 

120 

15 

190 

108 

55 

75 ■; 

60 

19 

20 

20 

19 

145 

16 


whose growth and germination are inhibited by the longer wavelengths of 
daylight, as occurs in normal, non-irradiated seeds kept in darkness. 


Effects of irradiation on growth 
Seedlings kept in darkness. — Maximal growth was attained by the 
normal, non-irradiated seedlings kept constantly in darkness, as is evidenced 
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Fig. 3. Relationships between the lengths of seedlings (mm.), daily period if irra- 
diation (minutes) and number of periods of irradiation in the case of turnip seeds grown 
in darkness. Curve 1, normal control ; curve 2, one minute irradiation daily; curve 3, 
two minutes daily irradiation; curve 4, five minutes daily irradiation; curve 5, ten min- 
utes daily irradiation. 

in curve 1 of figure 1 and figure 3. The rate of growth is materially less- 
ened as the length of the period of irradiation is increased when the seed- 
lings are reared in darkness. The curves also show that seedlings which 
have been irradiated for five or ten minutes each day practically cease 
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TABLE III 

Daily growth of turnip seedlings (mm.) under specified experimental conditions 


Time 

elapsed 

Irradiated 

Non-irradiated 

CONTROLS 

1 MINUTE 
DAILY 

2 MINUTES 
DAILY 

5 MINUTES 
DAILY 

10 MINUTES 
DAILY 

Hours 

Dark 

Light 

Dark 

Light 

Dark 

Light 

Dark | 

Light 

Dark 

Light 

28 

2 

0 

2 

0 

2 

1 

2.0 

1 

2 

0.0 

52 

8 

1 

6 

2 

8 

4 

6.0 

4 

6 

0.5 

76 

21 

8 

16 

8 

11 

17 

7.0 

12 

30 

0.5 

100 

29 

18 

22 

20 

14 

17 

8.0 

12 

40 

1.0 

124 

38 

25 

28 

25 

17 

18 

8.5 

12 

55 

4.0 

148 

50 

30 

35 

35 

20 

18 

10.0 

11 

75 

4.0 

172 

60 1 

35 

42 

40 

20 

18 

11.0 

11 

85 

5.0 

196 

66 

40 

50 

45 

20 

18 

11.0 

11 

95 

0.5 


growing after five days. We may infer, therefore, that such quantities of 
irradiation from the quartz mercury lamp are lethal. In fact it can be 
shown from considerations which will be presented in a subsequent com- 
munication that the lethal effects of irradiation on seedlings raised in dark- 
ness are cumulative and that, under the conditions of our experiments, a 
total period of irradiation of about one hundred minutes would prevent any 
growth of seedlings. The natural habit of such seedling roots is under- 
ground, where they receive little if any light and hence no ultra-violet radi- 
ation. Ultra-violet radiation is inhibitory in its action and lessens the rate 
of growth of the rootlets, probably because of changes which, if carried to 
their extreme, eventuate in coagulation of the seed contents. Such, how- 
ever, is not true in the case of the growth of the stems of lettuce, turnip 
and radish plants, for we have found that the maximal growth occurs under 
selective filters which permit of the passage of the “ near’ ’-ultra- violet, violet 
and blue portions of solar energy. 

Seedlings kept under diffuse daylight. — When seedlings are kept 
under conditions of indoor daylight we find considerably different results 
from those which have just been described. Minimal growth was attained 
by normal, non-irradiated seedlings kept under maximal periods of diffuse 
daylight as transmitted by ordinary window glass. In the light thus trans- 
mitted there is no appreciable ultra-violet content below a wavelength of 
370 m\x; hence, practically speaking, no ultra-violet portion, 

The data in the tables and graphically shown in the curves of figures 2 
and 4 show that optimal conditions for continuous maximal growth of the 
seedlings kept under interior daylight were attained under periods of 
irradiation of from two to three minutes a day. It is also evident that two 
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Fig. 4. Relationships between the lengths of seedlings (mm.), daily period of irra- 
diation (minutes) and number of periods of irradiation in the case of turnip seeds grown 
in subdued daylight. Curve 1, normal control; curve 2, one minute daily irradiation; 
curve 3, two minutes daily irradiation; curve 4, five minutes daily irradiation; curve 5, 
ten minutes daily irradiation. 

(Or three periods of daily irradiation, of from five to ten minutes each, 
induce the maximal rate of growth. Under such circumstances, however, 
the maximum of growth is quickly reached and passed, due without doubt 
to the fact that, coupled with the stimulative effects on the endogenous 
growth of the cells of the rootlet, there is also a lethal effect produced by 
reason of the fact that the exogenous metabolism of the cells is interfered 
with by virtue of changes in the permeability of cell membranes or cell 
contents. The immediate changes produced are of the same essential 
nature as those caused by temporary exposure to high temperatures or other 
activating agents. The degree of growth attained at the end of three or 
four periods of ultra-violet irradiation, of from five to ten minutes each, is 
maintained for several days, indicating that the factors making for growth 
are approximately balanced by those tending toward death and annihilation. 
We may, in passing, very properly raise the question whether the maximal 
growth is attained under irradiation for three daily periods of five to ten 
minutes each and whether growth is then suddenly terminated. It would 
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seem to be just as logical and as probable that the stimulative effects of the 
initial periods of irradiation are carried over into the growth of the few 
succeeding days and that the lethal effects of irradiation have obtained from 
the very beginning. Incidentally, the series of results reported here are 
similar in general to the effects we have found to be produced by ultra- 
violet radiation from a quartz mercury arc lamp on the early larval develop- 
ment of Bana pipiens (5). 

In figure 5 we have plotted the lengths (mm.) of seedlings grown in 
darkness (in the ease of the experiments on turnip seeds only) as ordinates 
and the total time of irradiation as abscissae. We have assumed implicitly 
that all the seedlings in the five groups would have reached the same length 
at the end of any given day (for example, at the end of seventy-six hours, 
a length of 30 mm. and marked as the point a on curve 1, figure 5) if all 
of them had been treated as normal, non-irradiated seeds and seedlings 
kept constantly in darkness. The point marked c on curve 1 represents a 
total growth of 21 mm. at the end of the same seventy-six hours under 
a total irradiation from the quartz mercury lamp of three minutes ; point e , 
six minutes, and so on. The line ab may be taken to represent the normal 
growth of a non-irradiated seedling kept in darkness, since it is a line con- 
necting points (lying on the axis representing length of seedlings) which 
show the daily growth from the third day on (for example, the point a at 
the end of seventy-six hours) and under zero daily period of irradiation. 
The line cd joins points which indicate the length of the seedling after it 
has been irradiated one minute daily on successive days ; the line ef passes 
through points plotted to show the lengths attained under daily periods of 
irradiation of two minutes ; and so on, for the lines gh and ij. The slopes 
of these lines indicate that the daily amount of retardation in growth and 
therefore the rates of retardation in growth vary with the length of the 
daily period of irradiation. If, therefore, we are desirous of ascertaining 
the rate of retardation or percentage change in the growth of the seedling 
for a daily period of irradiation of one minute as given by the mercury 
vapor quartz lamp, we simply need to subtract the values as given on the 
line cd from those shown for corresponding days on the line ab, thereby 
obtaining the amounts of retardation in growth (mm.). In the particular 
instance we have cited, we have the following data : 

Length of seedling Length of seedling [Retardation 


s ab (mm.) 

on line cd (mm.) 

(mm.) 

Per e-ent. 

30 

21 

9 

30 

4i ' : . . 

29 

12 

28 

55 

38 

17 

31 

75 . 

50 

25 

33 
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Minuses 10 20 30 40 50 60 


Total time of irradiation 

Fig. 5. Relationships between the lengths (mm.) of turnip seedlings grown in dark- 
ness and the total time of irradiation (minutes) by an air-cooled quartz mercury lamp. 
In curve 1, the point a represents the normal growth reached at the end of seventy-six 
hours; point c, growth attained under a total irradiation of three minutes (one minute 
daily) ; point e, total irradiation of six minutes; point g, total irradiation of fifteen min- 
utes. The lines cd, ef, gh and ij indicate the rates of retardation (mm.) of growth 
under various daily periods of irradiation. 

The inset in the upper right-hand corner shows the average daily retardation (mm.) 
of growth of seedlings (kept in darkness) for various daily periods of irradiation. 
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By simple calculation, therefore, we find that the daily retardation in 
growth and the time of irradiation are correlated as follows : 


Length of daily period Retardation 

of irradiation (minutes) (Per cent.) 

1 30 

2 50 

5 70 

10 80 


The insert in the upper right-hand portion of figure 5 shows the average 
daily retardation (mm.) of growth of seedlings, kept in darkness, for 
various periods of irradiation. The curve is for turnip seedlings (table 
III). For example, the value of mm. daily retardation of growth under 
a daily irradiation of one minute by the mercury quartz lamp operated at 
70 volts and at a distance of 50 cm. from the seeds is obtained by taking 
the differences between curves 1 and 2 of figure 3 at each successive twenty- 
four-hour period and dividing these differences by the number of periods 
of irradiation. 

Discussion 

We have not attempted to measure the energy* received by the seeds and 
seedlings under the conditions of our experiments. In fact, if one attempts 
to measure radiant energy, the problem is complicated, for there is no single 
instrument or method which will measure heat, light and ultra-violet rays 
with equal completeness and accuracy. However, in these experiments the 
same lamp was operated at the same voltage and distance in each instance ; 

* Since this paper was prepared we have measured the distribution of energy and 
the total radiation from the air-cooled mereury vapor lamp used in these experiments; 
when operated at various voltages. A Coblentz thermopile (12 junctions, iron and con- 
stantan) and a Coblentz galvanometer, both of whieh were properly mounted and 
screened, were employed for the measurement of the radiant energy. The standard 
source of radiation was a carbon filament incandescent lamp, calibrated by the Bureau 
of Standards. The intensity of radiation, as certified by the Bureau, is 52.3 x 10-8 watt 
for each square millimeter of receiving surface, when the lamp carries a current of 0.300 
amperes under 96.6 volts and is placed at a distance of 2 meters from the receiving instru- 
ment. After obtaining the deflections of the galvanometer when the thermopile is ex- 
posed to the standard lamp (operated at a distance of 2 meters under the conditions 
previously specified) and the air-cooled quartz mercury vapor lamp (operated at 70 volts 
and at a distance of 3 meters), it is possible to calculate the watts for each square 
millimeter received by the thermopile when the mereury are is at a distance of 50 cm. 
from the receiving instrument. Such a calculation shows that the energy received by the 
seeds and seedlings when exposed to the lamp operated at 70 volts and at a distance of 
50 cm. is 5650 x 10-8 watt. With appropriate selective filters it was found that the dis- 
tribution of energy from the lamp was approximately 30 per cent, infra-red, 33 per cent, 
visible, and 37 per cent, ultra-violet radiation. 
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hence the energy received may be safely assumed to be proportional to the 
time of irradiation. 

In searching the literature (which we find sparse and difficult to obtain) 
we find some statements and conclusions which are in support, in whole or 
in part, of the findings in this paper. On the other hand, there are some 
apparent disagreements. The spores and seeds of certain plants (for 
example, the spores of some ferns and Viscurn seeds) have long been said 
not to germinate in darkness. Other seeds seem to be delayed or prevented 
from germination by light (7), as in the case of the seeds we have investi- 
gated, By modifying the conditions, however, and by further considera- 
tion of the natural habitat for germination of the seeds concerned, germina- 
tion may nevertheless take place. These results are, of course, of practical 
importance to nurserymen, florists and farmers. An excellent resume of 
this subject is given by Molisch (8) . 

The observations of Klebs (6) on the influence of light of different 
wave-lengths or colors (qualities) and amounts (quantities) of energy, 
making use of accurate means of quantitative determination, show that the 
germination of the spore of the fern (its cell division and cell growth) the 
growth of the plant (prothallus) in length, breadth and thickness, as well 
as the formation of the organs of sexual reproduction, are greatly affected 
by both the amounts and qualities of the radiant energy. Thus Klebs 
showed that, under ordinary conditions, fern spores will not develop in 
darkness, neither does illumination, with blue, violet or ultra-violet radia- 
tions stimulate them to growth. On the other hand, cell division and cell 
differentiation are said to be more strongly influenced by light rays of the 
lesser wavelengths (blue and violet) than of the greater wavelengths (red). 

Many theories, couched in more or less technical terms, have been ad- 
vanced to explain the stimulating effects of light on living protoplasm and 
living organisms (2), Critical reviews of these are to be found in the 
writings of Blaauw and of Konigsberger. But it is certainly not possible 
at the present time to reach an adequate explanation of how the living cell 
and the living organism are affected, chemically and physically, by light. 
Changes in the permeability of the cell membranes and in the nature and 
rate of the intracellular chemical reactions may be conjectured, but this is 
all very incomplete. Still, the influence of photochemical or other rays on 
the permeability of the cytoplasmic membranes must be considered as being 
involved in germination, growth, and movement (1, 3). 

Conclusions 

1. In seeds which normally germinate and grow in darkness and under- 
ground, the most rapid germination and maximal growth were attained by 
the normal, non-irradiated seeds and roots kept constantly in darkness. 
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2. The least rapid germination and minimal growth were attained by 
normal, nonirradiated seedlings kept under maximal periods of diffuse day- 
light as transmitted by ordinary window glass. In the light transmitted 
there is no appreciable ultra-violet content below 370mq ; hence, practically 
speaking, no ultra-violet portion. 

3. The action of diffuse daylight is to inhibit germination of seeds and 
growth of roots. Since there is a preponderance of greater wavelengths 
and an absence of ultra-violet radiations in subdued interior daylight, it is 
evident that the greater wavelengths inhibit (or at least do not stimulate) 
the germination of seeds and the growth of roots of those seeds which 
normally germinate and grow underground. 

4. Irradiation by a quartz mercury lamp accelerates the germination of 
seedlings kept in subdued interior daylight as compared to the germination 
of normal non-irradiated seeds under similar conditions. 

5. In general, optimal conditions for continuous maximal growth of 
seedlings kept in interior daylight are attained under irradiation periods 
of two to three minutes each day. 

6. The stimulus to most rapid germination of seeds kept under interior 
diffuse daylight is an initial irradiation of from five to ten minutes. Longer 
periods of irradiation appear to have no additional stimulative effect. Two 
or three periods of daily irradiation of from five to ten minutes each, in- 
duce the maximal growth in seedlings kept under interior daylight. There- 
fore we may believe that such quantities -of irradiation are able to counter- 
act the untoward conditions relative to germination and growth induced 
by daylight. 

7. These experiments, in toto , lend support to the hypothesis that ultra- 
violet radiation in the so-called biologic or ‘ ‘ near ’ ’-ultra-violet region aids 
in the germination and growth of a cell or in the normal function of an 
organism which is kept in an unphysiologie environment. 

8. These experiments also support the hypothesis that biologic or 
“near ’’-ultra-violet radiation stimulates the endogenous growth of the cells 
and of the organism as a whole, while the greater wavelengths of visible 
radiation influence the exogenous metabolic processes. 

Section on Physics and Biophysical Research 

and Division op Experimental Surgery and Pathology, 

Mayo Clinic and the Mayo Foundation, Rochester, Minnesota 
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THE EFFECT OF BORIC ACID ON THE GROWTH OF TOBACCO 
PLANTS IN NUTRIENT SOLUTIONS 


T. Robert Swakbacki 
(with six figures) 

Although it is quite possible to grow tobacco in all parts of America 
and in most of the countries of the world, it is well known that only a few 
restricted regions produce the world ’s supply, and attempts to establish the 
industry in new sections with few exceptions have ended in failure. Ap- 
parently there is something in the soil or possibly in the climate of these 
tobacco growing sections, which is favorable for the development of tobacco 
of a quality which the trade desires. Fertilizers are known to have a very 
marked effect on the quality of tobacco which is produced; for instance, 
chlorine in the fertilizer is not favorable to quality, while potassium is 
decidedly so. There is considerable knowledge concerning the effect of 
some of the major elements in the nutrition, but it is not sufficient to explain 
altogether the peculiar behavior of tobacco on different soils and under dif- 
ferent fertilizer treatments. Although it has long been suspected that some 
of the elements may have a decided influence in this respect, practically no 
experimental work with them has been recorded. 

The present investigation was undertaken with the object of determin- 
ing the influence of one of these minor elements, viz., boron, in the nutrition 
of tobacco. Similar studies of boron on other plants have indicated that 
it is of considerable importance ; but, with one exception, tobacco has not 
been included among the plants used in such investigations. 

In this paper the effects of boron on plants when grown in chemically 
pure water culture solutions are under consideration. 

Review of literature 

Collings (11) in a review of literature mentions that as early as 1857 
German workers reported the presence of some boron in seed of Maessa picta 
and furthermore that the element later on was found to be present in more 
than fifty miscellaneous plants. Agulhon (1) found 0.2 per cent, of boron 
in the ashes of birch. In experiments on growth of different plants he 
found that the effect of boron in increasing concentrations could be ex- 

i The writer wishes to express his appreciation for the kindly help and suggestions 
received from Messrs. 0 . L. Clark, L. H. Jones and A. B. Beaumont?, of the Massa- 
chusetts Agricultural College, and Dr. P. J. Anderson, of the Tobacco Experiment Sta- 
tion, Windsor. 
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pressed by a curve with a very characteristic optimum. He asks: “Is 
higher plant life possible in the absence of boron?” On the other hand, he 
found that 200 gm. of boric acid per liter rendered growth impossible. 

Rothamsted experiments (9) show that boric acid is definitely poisonous 
to barley at a concentration of 4 parts per million. Frequently a depress- 
ing effect was evident at much smaller concentrations. Peas could with- 
stand 20-40 parts per million. In concentrations as low as 0.4 parts per 
million the effect of boron on barley was made evident by the death of 
leaves, although in many cases with this plant this may be about the critical 
minimum concentration where detrimental effects cease. 

In the presence of boric acid the roots of plants remained in much 
healthier condition, which suggests that the acid has &n antiseptic action 
and thus protects the roots. This is in agreement with Agulhon (1) who 
found that even in the case of small doses of boric acid there was apparently 
an antiseptic effect. Brenghley (9) reports that in general boric acid is 
toxic down to 20 parts per million. 

Agulhon (I) in sand cultures tried different concentrations of 0, 0.1, 
1.0 and 50 parts of boric acid per million of nutrient solution. Using 
wheat as an indicator plant he found that the maximum concentration 
caused the leaves to turn yellow. In soil cultures the same investigator 
found that the toxic doses of boric acid approached in concentration those 
in nutrient solutions rather than those of sand cultures, and he assumed 
that the boric acid was fixed by the soil, probably as insoluble borate of cal- 
cium. He found that an excess of boron in the nutrient medium resulted 
in an excess of boron in the ash, and he concluded from this that the plants 
react to an excess of a useful element. In water cultures at concentration 
of 5-10 parts per million he obtained an increase of up to 30 per cent, in 
dry weight due to boric acid, and 0.1 parts per million of boric acid per 
liter of nutrient solution applied to soil gave an increase of 7.5 per cent, of 
dry weight. 

Albano (2) in a study of various growth stimulants such as borax, 
manganese, and zinc concludes that application of these elements in dilute 
form accelerates growth sufficiently to make their use financially profitable. 

Andouard (3) reports that an application of 30 kilograms of boric acid 
per hectare had no effect upon oats, wheat, kidney beans, potatoes, clover 
and turnips. Blair (6) comes to a somewhat similar conclusion when he 
reports that 30 pounds of borax per acre had only a slightly depressing 
effect on potatoes. Fifty pounds of borax per acre had only a slightly 
depressing effect when applied in drill three weeks before planting. This 
seems to be in agreement with Agulhon ^ conclusion, that borax probably 
changes in the soil to an insoluble calcium borate, thus preventing the detri- 
mental effect on plant growth. 
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Morse (15) found that an application in drill of 4.4 pounds per acre 
caused severe injury to beans, while the double amount (8.8 pounds) broad- 
cast caused no apparent injury to oats, wheat, and buckwheat. Brecken- 
ribge (8) in experiments with com and beans observed a toxic effect from 
borax applied at a rate of 6 pounds per acre, and 10 pounds shows decid- 
edly harmful effects. Neller and Morse (17) found that 3 pounds of 
borax to the acre was the largest amount that could be applied in drills 
with safety to beans, and the limit for corn seemed to be about 5 pounds 
and for potatoes somewhat higher. It is apparent that these last mentioned 
investigators have been dealing with maximum applications of borax, where 
this salt was neither injurious nor beneficial for the crops. Except for the 
South Carolina report (21), that lime did not prevent injury from borax, 
one might assume that Agulhon’s theory on formation of insoluble calcium 
borates in the soil still holds : viz., that the soils might not have contained 
sufficient amounts of CaO to fix the surplus borax. Other investigators 
such as Conner (12), Schreiner (19) and co-workers, Plummer and 
Wolf (18), have all found injurious effects on crops even with small appli- 
cations of borax, Plummer and W t olf (18) are among the few investi- 
gators who include the tobacco plant in the study of the effects of borax 
upon growth. * They report that in sandy soils as little as 1 pound anhy- 
drous borax per acre injured tobacco. 

Agulhon (1) again, speaking of the difficulty of studying boron effects 
in culture media entirely free from that element, because of traces of boron 
in the seeds, reports that addition of boron to nutrient solutions gives in- 
creases sometimes reaching about 60 per cent. 

Maz 6 (14), experimenting with various elements in respect to effect on 
plant growth, states that results apparently show that the elements used 
(aluminum, boron , fiuorin, iodin and arsenic) are all necessary for the best 
growth of maize, with the exception of arsenic. Bertrand (5), on the 
other hand, adding manganese to the group of favorable plant stimulants, 
could not obtain any beneficial effect of boric acid. 

Nakamura (16) found that one milligram of borax per kilogram of soil 
had evident stimulating effect on the growth of peas as observed by increase 
in height of shoot over the control plants. In water culture the increase 
amounted to as much as 30 per cent. 

Warington (22) has given experimental evidence to prove that Wind- 
sor beans require small amounts of boron for normal development. 
Brenchley (10), in later work with boron as affecting the nodule forma- 
tion on the same kinds of beans, found that in the absence of boron the vas- 
, cular supply of the nodule is defective and in plants receiving no boron the 
number of nodules attaining microscopic size is much reduced as compared*" 
with normal plants. 
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BGseken (7) et at. found that certain fungi were depressed by 0,06 per 
cent, boric acid, while for Aspergillus niger, for example, it required 0.5 to 
1.0 per cent, of this acid for a similar effect. The authors conclude that 
the deleterious effect of boric acid and other compounds in the nutrient 
solutions is perhaps attributable to selective combinations. 

Sommer and Lipman (20) finally obtained evidence to show that boron ' 
is indispensable to the normal growth of green plants. From their thor- 
ough study of the effect of boron on various plants they conclude that as 
little as one half part per million of boron is sufficient in most cases to pro- 
vide normal growth. 

Experimental 

The experimental work as reported here was undertaken with the object 
of answering the following questions: (1) If boron is necessary for normal 
plant growth, how does the tobacco plant react to boron treatment? (2) 
If boron has a favorable effect upon the growth of the tobacco plant, what 
concentration gives the optimum growth? 

Methods 

The first part of this experiment was carried out with nutrient solutions 
as culture media, using Shive’s (13) three-salt solution (R 5 C 2 ) having the 
following partial-volume molecular concentration : 

KH 2 P0 4 0.0180 or 2.450 gm. 

Ca(N0 3 ) 2 -4H 2 0 : 0.0052 or 1.228 gm. 

MgS0 4 • 7H 2 0 0.0150 or 3.698 gm. 

H 2 0 1,000 gm. 

Iron, added in the form of FeS0 4 , equals 0.0008 gm. 

Boric acid in solution was added to obtain the following concentrations : 
0.0, 0.5, 1, 2, 4, and 50 parts per million. 

Two jars were used for each concentration, and three tobacco plants 
were planted in each jar. After two weeks they were thinned out to one 
in each. 

Results 

If boron in the form of boric acid does affect the plant growth, the plants 
in the earlier stages of development should very likely give noticeable 
response to different concentrations of the element. The dry weights of 
plants removed in thinning is shown in table I. 

From these preliminary yield figures it is evident that boron had a dif- 
ferent effect at the individual concentrations of the element. The difference 
between the cheek, however, and the 0.5 ppm. is not significant. Of the 
different concentrations 1 ppm. seemed to give the best results in earlier 
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Fig. 1. Optimum concentration of boric acid for normal development of tobacco plants. 
Sixty days growth. Concentrations indicated in the photograph. 

TABLE I 

Weight op plants removed in thinning after 14 days 



CONCEN- 

Dry weights 

Relative 

NO. OF 

TRATION 

OF H3BO3 

2 PLANTS 

4 PLANTS 

Average 

PER PLANT 

WEIGHT OF 

AVERAGE PLANT 


ppm. 

gm. 

gm. 

gm. 


Check A 

0.0 

0.892 




Check B 

0.0 

0.887 

1.78 

0.445 

1.00 

1 

0.5 

i 0.882 




2 

0.5 

0.727 

1.61 

0.403 

0.90 

3 

1.0 

1 0.866 




4 

1.0 

0.827 

1.70 

0.425 

0.95 

5 

2.0 

0.810 




/.'A 6 

2.0 

0.663 

1.47 

0.368 

0.83 

7 

4.0 ; 

0.738 



j 

8 

4.0 

0.917 

1.66 

0.414 

0.93 

9 

50.0 

0.750 




10 

50.0 

0.560 

1.31 

0.328 

0.73 


stages. Very noticeable is the sudden drop in yield when the concentration 
is doubled. This fact has been observed by other workers in this field. 


: : 
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Fig- 2.' Optimum growth and development of leaves at a concentration of 2 ppm. of 
boric acid. Ninety days’ growth. Concentrations indicated in the photograph. 


Fig. 3. Optimum growth at a concentration of 9 ppm. of nitrate nitrogen (no. 4) 

Plants about 40 days old. 

No. 1, no nitrate ; no. 2, one part per million of N0 3 -N; no. 3, 3 parts per million: 
no. 4, 9.5 ppm.; no. 5, 31.5 ppm.; no. 6, 105 parts per million of N0 3 -N. 
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Pig. 4. Stunted growth of plants in nitrate series due to lack of boron. Plants- 70 


days old. 

No. 1, no nitrate; no. 2 , one part per million of N0 3 ; no. 3, 3 parts per million; 
no. 4, 9.5 ppm.; no. 5, 31.5 ppm.; no. j3, 105 parts per million of N0 3 . 

The 50 ppm. concentration gave only slightly less yield than 2 ppm. and 
the plants did not show any injury either on the leaves or on the roots. 

Figure 1 shows the plants after a growth period of 60 days. From this 
it is easily seen that the optimum growth is at the concentration of about 


TABLE II 

Dry weight of plants after 60 days of growth 


No. OF 

JAR 

Concen- 
tration 
of H 3 B0 3 

Dry weights 

Belative 

weight 

of plant 

Tops 

Boots 

Total 

weight 


ppm. 

gm. 

gm. 

gm. 


Cheek B 

0.0 

3.3 

0.5 

3.8 

1.00 

2 

| 0.5 

9.4 

1.3 

10.7 

2.81 

4 

1.0 

9.8 

2.2 / ' 

12.0 

3.16 

6 

2.0 

11.1 

1.9 

12.0 

3.16 

8 

4.0 

9.5 

1.5 

11.1 

2.91 

10 

200.0 

11.1 

1.5 

12.6 

1 3.31 
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PIG. 5. Plants in nitrate series after application of boric acid, resulting in renewal of 

top growth. 

No. 1, no nitrate; no. 2, one part per million of N'O a -N ; no. 3, 3 ppm.; no. 4, 9.5 
ppm.; no. 5, 31.5 ppm.; no. 6, 105 parts per million of NO s -N; plants have in addition 
two parts per million of H 3 BO s . 


2 ppm. of H 3 BO s . Half of the plants were harvested at this period of their 
development, while the rest were left to continue growth. 

Table II shows the yield figures from this harvest. 

From this table it is evident that the favorable concentration of H s BO s 
lies around 2 parts per million. The check plant, as may be seen in figure 
1, showed stunted growth, and the weight amounted to about one third of 
the lowest yield for boron-treated plants. 

After 90 days growth the rest of the plants in the series were photo- 
graphed and harvested (fig. 2). Here optimum concentration of 2 parts 
per million of H 3 BO s is still more pronounced. All the plants had reached 
the budding or flowering stage. The largest leaf development, and some- 
what delayed flowering, was shown by the 2 parts per million treatment. 
The yield figures in this case are shown in table III. 

From this table it is found that 2 parts per million of H 3 B0 3 is a de- 
cidedly favorable concentration for the normal growth and development of 
tobacco plants in water cultures. 

In order to study the effect of higher concentrations of, H 3 B0 3 the high- 
est concentration (50 ppm.) was doubled after the lapse of every two weeks 
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Fig. 6. Growth influenced by varying NO a concentrations and with boric acid added. 

until it reached 400 parts per million. At this concentration the plants 
still grew normally and fruited, though the lower leaves dried off and the 
plant showed a yellowish green color. 

TABLE III 

Dry weights of tobacco plants after 90 bays 


No. OF 

JAR 

Concen- 
tration 
of H 3 B0 3 

Dry weights 

Relative 

WEIGHT 

OF PLANT 

Tops 

Boots 

Total 

WEIGHT 


ppm. 

gm. 

gm. 

gm. 

i : " 

Check A 

0.0 

10.5 

1.5 

12.0 

1.00 

1 

0.5 

22.5 

5.2 

27.7 

2.30 

3 

1.0 

30.0 

6.0 

36.0 

3.00 

5 

2.0 

36.2 

7.5 

43.7 

3.64 

7 

4.0 

33,0 

4.7 

37.7 

3.14 

9 

400.0* 






* This plant saved for maturity of seeds. 
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TABLE IV 

Weight of plants with 2 parts per million of H 3 B0 3 and without bo&on 

TREATMENT 


Treatment 

AND NUMBER 

Concentration 
OF N0 3 

Dry weight 

Relative weight 
of plants 

Tops 

Roots 

Total weight 

Cheek, average of 
two plants 

ppm. 

0.0 

gm. 

gm. 

gm. 

0.2 

10 

Boron 

A 1 

1.0 

1.0 

0.4 

1.4 

7.0 

i 4 

A 2 

1.0 

1.6 

0.4 

2.0 

10.0 


B 1 

3.0 

4.0 

1.4 

5.4 

27.0 


B 2 

3.0 

4.0 

1.2 

5.2 

26.0 

4 4 

Cl 

9.5 

9.3 

2.4 

11.7 

58.5 


C 2 

9.5 

9.3 

1.9 

12.2 

61.0 


3> 1 

31.5 

10.6 

3.0 

13.6 

68.0 


D2 

31.5 

10.8 

2.8 

13.6 

68.0 


E 1 

105.0 

12.1 

2.7 

14.8 

74.0 


E 2 

105.0 

11.5 

2.7 

14.2 

71.0 

No boron A 3 

1.0 

0.6 

0.15 

0.75 

3.8 

It 44 

A 4 

1.0 

1.4 

0.5 

1.90 

9.5 

4 4 4 4 

4 4 44 

4 4 4 4 

B 3 

B 4 

C 3 

3.0 

3.0 

9.5 

4.1 

4.0 

8.3 

LI 

L.O 

2.0 

5.2 

5.0 

10.3 

26.0 

25.0 

51.5 

4 4 4 4 

4 4 4 4 

4 4 4 4 

4 4 4 4 

4 4 4 4 

C4 

1)3 

D4 

E 3 

E 4 

9.5 

31.5 

31.5 

105.0 

105.0 

8.4 

9.1 

7.4 
10.0 

7.0 

2.0 

L.8 

2.0 

2.2 

1.5 

10.4 

10.9 

9.4 

12.2 

8.5 

52.0 

54.5 

47.0 

61.0 

42.5 


i n //f arate experiment t° n “trate concentration, following the 
method of Arrhenius (4)], the effect of boric acid in nutrient solutions was 
studied. The optimum concentration of nitrate nitrogen was determined 

. figU m? 3 ’ Jar n °‘ 4 ' but later tlle plants see med unable to develop 

any further. The top leaves curled and turned slightly brownish. From 
the observations on the boron experiment it was thought well to try the 2 

^rowth Per ^ r C t ° nCentrati0n ° f H * B °* ES a “ of p ™ting farther 
wT^V ? treament WaS appHed t0 lialf the plants ^ the whole series 

XT w! f0r tli a K m0 After the first ^ was noticed that those 
plants treated with boron renewed the top growth and the results after a 

month may be seen m figure 5. Figure 4 shows plants of the same age 
wi hout bone acid. In this ease they have not increased much in size, while 
the former shows a very different curve of growth, as may be seen in fig 6 

ubr/y 8 of the pi “ ,s vith wi,hout b ° r °” «« 


SWAN BACK — BORIC ACID ON TOBACCO PLANTS 485 

Summary 

. The effect of boric acid has been studied with respect to tobacco and as 
applied to nutrient solutions. The behavior of the plants indicated that 
boron is an essential element in plant nutrition and causes slight injury to 
plants at a gradually increased concentration up to 400 parts per million. 
Furthermore, addition of boric acid to nutrient solutions, in which plants 
were unable to continue top growth because of the lack of boron enabled 
the plant to re-establish the growing point. 

Two parts per million of boric acid in the nutrient solution, correspond- 
ing to about four tenths parts per million of boron, gave optimum growth. 
Massachusetts Agricultural College, 

Amherst, Massachusetts. 
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. NOTES ON APPARATUS FOR LOW TEMPERATURE 
RESPIRATION STUDIES* 

j. H. Beaumont, J . J . W ill am an and W . A. Belong 
(with six figures) 

In the series of studies on respiration of apple twigs in relation to winter 
hardiness which is being conducted at this institution, apparatus which in- 
volves certain novel features and combinations of old features, has been 
used with such success as to induce the writers to publish a brief description 
of the various set-ups. 

The apparatus is most easily shown in the form of diagrams. Figures 
1, 2 and 3 indicate in succession the air train through the various parts of 
the apparatus, and figure 4 is a wiring diagram. The legends, given in 
connection with each figure, describe the various parts. 

Thermostat 

During the first winter’s work 1 a double-walled wooden box, about 
12 x 12 x 45 inches was used as a thermostat, the outdoor temperature serv- 
ing as a source of cold. One side of the box was a detachable door. One 
end was closed only by a piece of canvas, tacked around the ends. Several 
branches of a tree could be inserted into the box through the open end and 
the canvas, together with some cotton wool, was tied around the branch for 
insulation. The branches were enclosed in tubes similar to 15, fig. 2, but of 
smaller diameter and sealed with a split rubber stopper and vaseline. The 
box was heated by electric globes, and the air stirred by a fan, the shaft of 
which extended through the end of the box opposite the canvas. 

Because of the uncertainty of out-door temperatures it became necessary 
to employ artificial refrigeration. For this purpose a commercial ice-cream 
cabinet, such as is used behind the retail counter, proved to be very satis- 
factory. It contains six cells, each about 25 cm. in diameter and 50 cm. 
deep. The machine itself has a regulator which controls the temperature 
of the liquid in the tank (in this case alcohol) , and which can be set at any 
temperature down to about - 30° C. The temperature in each cell is kept 
constant by means of individual controls and by suitable asbestos insulation. 

* Published with the approval of the Director as Paper no. 720, Journal Series, 
Minnesota Agricultural Experiment Station. 

i Beaumont, J. H., and Willaman, J. J. Preliminary report on the respiration of 
apple twigs during the winter. Proc. Soe. Hort. Sci. 1924 1 99 u -104. 
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4 //?, 

to cm. 



, _ . FlG ‘ L Air washill g section of respiration apparatus. 

ao7Z p r r : zLit tzl 1 :- ? p r ure - *• Beaa 

— f “ s=" ' - kl‘ :*s: 

ftguie 3. 12. Connection to 13, figure 2. 

i™ s “*i“ » f «“ “H. ’rith all it, equipment, to shown in foune 2 The 

&r4L“ pla " a,o ‘ 7 ie8e " d * >n ^ <* «-up:c e :iJu: 

temj * t0 h »™ of the six sells at , diffemnt 

c to + 10° f R g ™ the wnters experiments has been from - 10° 

a much greater °‘ ' he ”" d “" bM * 


! 


26 


Fig. 2. Cell in ice-cream cabinet used as source of cold. 

13. Tube for ingoing air. 14. Tube for outgoing air: connects with 30, figure 8. 
15. Glass tube, one type of respiration chamber. 15a. (Figure 5.) Respiration chamber 
over plant pot, 15b. 16. Coil of copper tubing for cooling air before it enters respira- 

tion chamber. 17. Fan motor. 18. Socket and light, for source of heat. See figure 4 
for wiring. 19. U-shaped iron strap for holding fan guard and carrying the bearing for 
the fan shaft. 20. Cylindrical wire screen for fan guard. 21. Cylinder of sheet metal. 
22. Screen bottom of 21, kept about 3 cm. above bottom of cell. 23. Wall of the cell of 
the freezing cabinet. 24. Asbestos insulation of cell. 25. Fluid of the freezing cabinet. 
26. Cork insulation of the freezing cabinet. 27. Recording thermometer bulb. 28. 
Thermoregulator. See figure 4 for wiring. 29. Ring of felt. 
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30. Connection to 14, figure 2. 31. Bead towers containing standard Ba(OH) 2 . 32. 
Pipettes for measuring Ba(OH) 2 . 33. Reservoir of C0 2 -free air. 34. Soda-lime tube. 
35. Connection to reservoir of standard alkali. 36. Short circuit to 11, figure 1, for 
diverting air away from respiration system. 37. Bubbling indicator of speed of air. 
38. Reservoir of vacuum. 39. Mercury manometer for indicating amount of suction. 
This was kept at 4 inches. 40. Water suction pump. 

Respiration chamber 

The most efficient shape of respiration chamber is one built according to 
the stream line” principle, so that the shortest possible time will be re- 
quired for sweeping out the contained C0 2 . The chamber shown at 15 in 
figure 2 has been found by the writers to be admirable for twigs, seeds, and 


BEAUMONT, WILLAMAN AND DELONG — RESPIRATION STUDIES 




a 


Fig. 4. Wiring diagram of controls for apparatus in ng. 2. 

41. Coil of resistance wire. Shunt a-b supplies the thermoregulators; a-d supplies the 
lamps; c-e supplies the fans. Each of these sets of equipment is wired in parallel. The 
shunt ratios shown are not intended to be exact. 42. Relays. 43. Condensers. 

tubers. 2 Aspiration at the rate of 18 liters of air per hour will sweep this 
chamber in less than 10 minutes. Another type of chamber that will fit 
into the same cell is the one illustrated in figure 5, which was used by 
Martin 3 with wheat plants. It is made of sheet metal, and sets on the soil 
in an earthenware jar containing the plants. The soil is covered with 
melted vaseline. 

2 Willaman, J. J., and Beaumont, J. H. Effect of accumulated carbon dioxide on 

plant respiration. Plant Physiol. (In the Jan. 1928 number — Ed.) (In press.) 

3 Martin, J. H. Comparative studies of hardiness in wheat. Jour. Agr. Res. (In 


M 









Fig. 5. Same as %. 2, except for the different type of respiration chamber. 
Absorption of C0 2 

The writers are of the opinion that the simplest and most effective type 
of absorption apparatus is the bead tower, arranged more or less like 
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iiuR jar’s. 4 It can be used with 50 per cent. KOH for washing the air 
i entering the respiration chamber, and with more dilute alkali for the C0 2 
! to be measured. In figure 1 two towers for washing the air are shown 
! although in some cases the writers used concentrated H 2 S0 4 in the second 
I one to dry the air to avoid formation of ice in the tubes at the lower tem- 
i peratures. 

I The strength of alkali to be used in the measuring towers is governed 
by the amount of C0 2 expected. A convenient strength is one that is 
roughly equivalent to a 0.04545 N. acid, since one cc. of the latter is equiva- 
lent to one mg. of C0 2 . A tower 2 cm. in diameter and one meter long will 
conveniently receive a charge of 50 cc. Not more than two-thirds of this 
may, with safety, be neutralized by the C0 2 . Flexibility is secured by 
using two towers in series according to the amount of C0 2 expected, in 
which case the contents of the two flasks were mixed and titrated. 

NaOH is more satisfactory than Ba(OH) 2 , because of the precipitate 
of BaC0 3 . When the former is used, neutral BaCl 2 solution should be 
added just before titration, to precipitate the carbonate. Then a single 
titration with phenolphthalein will suffice. 

V It has been found that, unless the laboratory air be heavily charged with 
C0 2 , the beads can be dropped into the flask, the tower rinsed with C0 2 -free 
water, and the titration conducted in the flask in the presence of the beads, 
without appreciable contamination from the air. 

Another type of absorption vessel that has been used with success is the 
one shown in figure 6. The tube through which the air enters is open at 



i 

Fig. 6. Coil type of C0 2 absorption vessel. 


the bottom. About 5 cm. above the bottom the coiled tube is attached. The 
vessel is filled with a measured quantity of alkali to about the top of the coil. 
As the air passes down the tube it enters the coil as a series of bubbles and 
pushes some of the liquid ahead of it. By adjusting the rate of flow of the 
air, a succession of gas bubbles ascending the coil is easily obtained. Very 
thorough washing of the air as well as circulation of the liquid is thus 

4 GrURJAR, A, M. The adaptation of Truqg ? s method for the determination of carbon 
dioxide to plant respiration studies. Plant World 20: 288-293. 1917. 
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attained. The advantage of this type of vessel is that it operates under a 
hydrostatic head of only about 4 cm. Its disadvantage is that there is a 
definite speed limit of aspiration of about 6 liters per hour, which, however, 
is sufficient for the ordinary small respiration chamber and for continuous 
aspiration. If this is exceeded, the air enters the coil too rapidly to allow 
the entrapping of liquid. This cell was found particularly useful in mea- 
suring the C0 2 produced by growing fungi. 5 The cell is 5 cm. in largest 
diameter and 15 cm. in length. A somewhat similar type of cell, arranged 
for the electrical measurement of C0 2 , was used by Harvey and Regeimbal . 6 

Circulation mechanism 

It is generally considered desirable not to subject plant tissue to a pres- 
sure appreciably above or below atmospheric. Since any form of liquid 
absorption medium entails a certain hydrostatic head, it becomes necessary 
in such a case to employ pressure regulating devices. The system illus- 
trated here consists of a water-operated blow pump, 1, figure 1, which 
pushes the circulating air through the washing towers, and a suction pump, 
40, figure 3, which pulls the air through the measuring towers. By means 
of the regulator, 7, figure 1, and the pinch cock, 44, figure 3, the air through 
the respiration chamber flows at atmospheric pressure db 2 cm. of water. 
The regulator was originally designed to control the flow of gas to a burner 
under an incubator. It is filled with oil or water. As the pressure inside 
increases, the telescoping cover rises and finally shuts off the entering air 
by means of the air connected to the valve in the tube carrying the entering 
air. By adjusting the spring holding the lid, the pressure required to close 
the valve can be regulated closely. The rate of aspiration can be kept very 
constant by maintaining the manometer, 39, on the suction line at a certain 
level. 

The same combination of controls is successful also when an electrically 
driven blower is used for circulation of air. The type used by the writers 
was a rotary pump, with a connection in one side for suction and on the 
other for pressure. The latter was connected with 3, figure 1, and the suc- 
tion with 37 or 31, figure 3. Thus the same air circulated continuously 
through the whole system except for harmless leaks in the pump. A rheo- 
stat was used to throttle the blower much below its usual speed. The speed 
of this machine is so regular that reservoirs 2, 5, and 38 can be dispensed 
with. By means of the above set-up as many as three respiration chambers 
have been operated from one pump and one pair of washing towers, by sim- 

5 White, Mollie G. The pentose metabolism of Fusarium Uni, (In press, Biochem. 
Journ.) 

6 Harvey, R. B., and Regeimbal, L. 0. A conductivity cell for continuous measure- 
ment of respiratory rate. Plant Physiol. 1: 205-206. 1926. 
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1 dividing the stream of clean air before it enters the chambers, and com- 
bining the streams which leave the measuring towers. 

Heat control mechanism 

An electric globe furnished the heat in the cell surrounding the respira- 
tion chamber. This was connected to a relay and to a Harvey thermo- 
regulator 7 in the usual way. Since there were so many cells within a small 
space, a board containing the relays and condensers, and a long coil of re- 
sistance wire to furnish the various currents were found very convenient. 
The wiring diagram in figure 4 indicates how a number of complete units 
may be connected in parallel from this resistance coil, thus saving wiring 

and space. 

University of Minnesota, 

St. Paue, Minnesota. 

7 Harvey, R. B. A thermoregulator with the characteristics of a Beckmann ther- 
mometer. Jour. Biol. Chem. 41: 9-10. 1920. 





THE DETERMINATION OF PEPTIDE AND BASIC FORMS 

OF NITROGEN* 


Inasmuch as a previous section of these recommendations 1 has dealt with 
the more significant non-protein forms of nitrogen other than basic com- 
pounds the present treatment is limited to peptides and basic forms of 
nitrogen. The former include all stages of conjugation of amino-acids and 
the latter embrace all soluble forms which, by virtue of their precipit ability, 
merit the designation “ basic. ” 

Proteins 

So far as present information extends, this is the only group of nitrog- 
enous compounds in plants which involves a serious issue relative to inter- 
pretation of solubility. It is quite to be expected that the degree of 
apparent solubility of such a colloid should be affected by the dispersive 
action of grinding in water for extraction. Chibnall (3) proposes a 
method of expressing the undiluted sap from cytolyzed tissue, which he 
believes isolates from the cytoplasmic proteins the naturally occurring 
proteins of the vacuolar fluid. The treatment offers a means of separating 
to a large degree the simpler nitrogenous constituents from the proteins. 
The degree of solubility, or more properly of colloidal suspension, of 
proteins, depends upon the character of the proteins, upon whether 
they occur free or combined, and upon mechanical interference of 
such other cell constituents as the celluloses of the wall. The globu- 
lins, prolamins and glutelins of seeds present special conditions of 
solubility which have not yet been found prominent in the proteins of 
vegetative organs. Their presence remains a possibility, in the event of 
which watery extraction may render globulins insoluble and alcoholic 
extractions may include prolamins. On the other hand, the presence of 
inorganic salts in plant sap may greatly affect the extraction of proteins. 
While the limited data extant indicate a high degree of water solubility 
of leaf proteins, the presence of glutelins in such proteins is by no means 
excluded. Osborne and his eoworkers (12, 13) found that strong alcohol 
and dilute sodium hydroxide following successively a watery extraction of 
fresh alfalfa removed little nitrogen, while hot alcoholic alkali was very 
effective. The last-named treatment seemed to decompose complexes of 

* Section V of the report of the Committee on Methods of Chemical Analysis of the 
American Society of Plant Physiologists: The complete set of live separates of this series 
of recommendations of the Committee may be obtained at 25 cents (cash preferred), 
post-paid in the United States. Address Ur. W. E. Tottingham, Agricultural Chemistry 
Building, Univ. of Wisconsin, Madison, Wisconsin, U. S. A. 

i Plant Physiol. 2: 205-211. 1927. 
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protein with pigments. The writer and his associates (17) recovered little 
protein by alcoholic alkali and believed the large residue of insoluble nitro- 
gen could be accounted for by occlusion of protein within the structural 
carbohydrates of the cell wall. On the other hand, Jones 2 is led by nutri- 
tional studies with wheat bran to the conclusion that the role of wall 
materials in reducing solubility has been exaggerated and that indigesti- 
bility is more often due to characters of the protein itself. 

Wide latitude must be allowed for variability of status of proteins in 
different species. Furthermore, too much emphasis hardly can be placed 
upon the possible denaturing effects involved in extraction and recovery of 
proteins from the living cell. Gortner 3 stresses the possibility of irrevers- 
ible coagulation of soluble proteins due to supersaturation in interfacial 
films, enhanced by access of air during extraction. 

In view of the lengthy process involved in the extraction of cell proteins 
with water, an index of practical termination of the process must be rather 
arbitrarily selected. Perhaps the decline of coagulable matter in the filtrate 
to a low, constant level is the most feasible index. As mentioned in an 
earlier section of these recommendations, colloidal protein sols require 
modification of the usual practice in filtration. The significance of quanti- 
tative distinctions between soluble and insoluble protein is rendered decid- 
edly problematical, at least with vegetative tissues, by lack of information 
regarding variability of both character and function of the compounds 
involved. If the method of watery extraction or the use of any other 
solvent is adopted, the limitations imposed should be recognized. Chibnall 4 
believes that such modifying treatments as saponification by alcoholic alkali 
will have limited significance in general usage for protein extraction unless 
one can limit the forms concerned. 

The control over enzymatic hydrolysis which is attainable by extrac- 
tion with alcohol has led to common use of this reagent for separating 
protein nitrogen from non-protein forms. Osborne and his associates 
(12, 13) found that about 50 per cent, alcohol was sufficiently concentrated 
for this purpose with green alfalfa. It is preferable to make a rapid 
watery extraction before precipitating the proteins, thus avoiding occlusion 
of solutes by coagulation in the tissue. When the concentration of alcohol 
is raised to 80 per cent, as advised earlier in these recommendations, 5 the 
efficiency of the solvent for non-protein nitrogen may be reduced, necessi- 
tating increased washing. If alcohol is applied directly to the cut tissue, 
grinding treatment should be eventually applied. Burrell 6 advises drying 

2 Jones, D. Breese. Bur. Chem., U. S. Dept. Agr. Private communication. 

s Gortner, R. A. Dept. Agr. Biochem., Univ. of Minnesota. Private communication. 

4 Private correspondence. 

s Plant Physiol. 1: 399-400. 1926. 

e Burrell, R. C. Dept. Agr. Chem., Ohio State University. Private communication. 
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the residue from extracted fresh tissue at 105° CL, then pulverizing and 
reextracting with alcohol by percolation to a colorless extract, as practiced 
by Thomas and Butcher 7 with sugar extraction. Only in rare cases will 
the use of a special factor, in preference to the conventional 6.25, for con- 
verting nitrogen as determined by the Kjeldahl method to protein be 
justified. In any case, the use of this factor involves the assumption that 
all of the nitrogen so determined belongs to protein. 

If watery extraction is practical the protein may be either precipitated 
with the insoluble matter of the tissue for determination as total protein 
or it may be separated therefrom. Cupric hydroxide in the form of 
Stutzer^s reagent, which was formerly used almost exclusively for this 
separation, does not eliminate lower forms of nitrogen, as shown by Hart 
and Bentley (6), Miss 0 ’Dwyer (10) and others. Chibnall (2) coagu- 
lated watery extracts of bean leaves merely by heating to 60° C., but some 
types of tissues require acidulation at the boiling-point for complete floccula- 
tion of the soluble protein. Also, such added materials as calcium carbon- 
ate may upset the normal conditions of solubility and precipitation. 

Acetic acid has been most commonly employed for coagulation, as an 
excess is less likely to hold protein in solution than with the stronger mineral 
acids. A few drops of 50 per cent, acetic acid usually suffice to confer 
distinct acidity on 500 cc. of extract, equivalent to 25 gm. of fresh tissue, 
and to accomplish sharp coagulation. Chibnall 8 adjusts the pH of the 
extract to 4 or 5, thus favoring the insolubility at the isoelectric range as 
determined for some plant proteins. Filtration is generally rapid on fluted 
funnels and the coagulum may be well washed with boiling water. A cor- 
rection should be made, of course, for nitrogen in the filter paper. 

In recent years other precipitating agents are displacing acetic acid. 
Hiller and Van Slyke (7) found that tri-chl oracetic acid precipitated 
blood proteins uncontaminated by proteoses. Greenwald (5) used 0.25 
per cent, of this reagent and Merrill (9) found this concentration as 
effective as more. Due to its greater strength less is required than of acetic 
acid, while its decomposition during boiling renders an excess unobjection- 
able. Appleman 9 reports satisfactory results from its use. Thomas (16) 
recommends colloidal iron as a protein precipitant. 

Proteoses and simpler peptides 

Excepting special eases where their occurrence may bear unusual sig- 
nificance it is not desirable to distinguish proteoses or peptones from soluble 
proteins. Thus, the generally small amounts of these nitrogenous frac- 
tions may be precipitated in common with protein by means of tungstic 

7 Jour. Amer. Chem. Soc. 46: 1666. 1924. 

8 Private communication. 

8 Appleman, C. O. Dept. Plant Physiol., Univ. of Maryland. Private com*- 
munication. 
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acid. Folin and Wu (4) prefer this reagent to tri-chloracetic acid in 
blood analysis and Rumsey (15) used it effectively in flour extracts when 
the pH was adjusted to 2.0 or less. Merrill (9) found a somewhat higher 
optimal pH in work on bacteriological sera. Successful use of it on plant 
sap and pollen extracts is reported by Gortner. 10 When proteoses are to 
be determined it does not seem advisable to distinguish primary from 
secondary forms as in past biochemical practice. Chibnall (2) precipi- 
tates this fraction by saturating with zinc sulphate in acid solution, washing 
with this reagent, dissolving in water and reprecipitating. For the precipi- 
tation of proteoses and peptones in flour digests Olsen and Bailey (11) 
used stannous chloride in faintly acid solution followed by cupric hydroxide 
formed in situ. According to Blish (1) the latter is effective down to 
simple peptides. The latter can be determined in the filtrate by the 
increase of a-amino nitrogen resulting from hydrolysis. The common prac- 
tice in this respect is exemplified by the work of Jodibi (8) , save that buffer 
constituents necessitate determining amino-nitrogen by Van Slyke’s 
method as given in a previous section of these recommendations. 

Basic forms 

As stressed by Chibnall, 10 meagerness of knowledge renders unwise the 
drawing of empirical distinctions between analytical groups, and this applies 
with particular force to "basic nitrogen. 7 ’ It has been common practice 
to isolate this group by precipitation with phosphotungstie acid in weakly 
acid solution (5.0 per cent. H 2 S0 4 or 2.5 per cent. HC1). This results in 
throwing a mixture of forms of nitrogen compounds together, more particu- 
larly a variety of cyclic bases and the diamino-acids. Van Slyke (18) 
gives a procedure for decomposing this precipitate in alkaline solution 
with barium hydroxide and fractionating the diamino-acids, but this should 
hardly be attempted by inexperienced analysts. Moreover, the method 
a Pplies only to the diamino-acids obtained by the hydrolysis of proteins. 
It is more feasible to determine the total nitrogen and amino nitrogen con- 
tents in different aliquots of the solution containing the basic nitrogen. 
Plimmer and Rosepale (14) give directions for overcoming difficulties here 
in the estimation of arginine. Chibnall uses phosphotungstie acid under 
standard conditions, without partitioning the precipitated nitrogen. As 
emphasized by both Van Slyke 11 and Vickery, 11 one must consider the 
possible variability of makeup in this portion of the nitrogenous con- 
stituents, although its amount is often too small to permit fractionation. 

In this connection the recent work of Vickery (19, 20, 21, 22, 23, 24) is 
significant. He employs Neuberg’s alkaline mercurial reagent to precipi- 
tate amino nitrogen from protein-free extracts, from which precipitate a 

i° Private communication. 

u Private correspondence. 
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further fractionation of basic substances can be made by the use of phospho- 
tungstic acid. This method seems to offer a sharper separation than was 
permitted by the use of phosphotungstic acid directly, when the fractions 
are subjected to Kjeldahl’s method of determining nitrogen. 

From the preceding brief survey it is apparent that while various sepa- 
rations can be accomplished the treatment of the complex mixture of basic 
forms of nitrogen in plant extracts, even by proximate methods of analysis, 
is hardly feasible for general practice. When experienced investigators in 
this field freely admit lack of regular procedure the novice analyst must 
be content to await their further progress. Meanwhile, he can only apply 
with caution proximate separations of the sort here mentioned, interpreting 
his results in a corresponding conservative spirit. 

This report was organized by W. E. Tottingham for the Committee. 

C. 0. Appleman 
W. E. Loomis 
T. G. Phillips 

W. E. Tottingham (chairman) 

J. J. Willaman 
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BRIEF PAPERS 

THE APPLICATION OF PHYSIOLOGICAL METHODS' TO 
WEED CONTROL 


Convolvulus arvensis, commonly known as wild morning-glory or bind- 
weed, is the most noxious weed pest in orchards and fields of California and 
other western states. No satisfactory method has been devised for its con- 
trol or eradication. It occupies the most fertile soils and the area of infesta- 
tion increases every year. 

We have been unsuccessful in our efforts to control it by the methods 
usually recommended for the control of perennial weeds, viz . : keeping the 
stems cut below the surface of the ground. This failure is due to the large 
storage capacity of the root and its ability to produce new shoots. Experi- 
ments in which the stems have been kept from appearing above the ground 
for three years have not given satisfactory results. Gray 1 states that roots 
taken from a depth of 14 feet are capable of producing new plants. Roots 
have been found at even greater depths. 

The plants normally possess a tap root with many lateral branches. 
These roots are capable of producing shoot buds which develop into a com- 
plex network of rhizomes permeating the soil from a considerable depth. 
These rhizomes appear at the surface at irregular periods as leafy shoots. 
The cutting of the roots stimulates the production of many buds which in 
turn increase the number of rhizomes and leafy shoots. Cutting with a 
weed-cutter, when the soil moisture is abundant, tends to spread the severed 
parts over the field where they may grow and produce new centers of in- 
festation. Roots cut or killed to a depth of four feet have produced 
rhizomes which have reached the surface within a few months. 

As early as 1915 Gray 2 found that certain arsenical sprays, when applied 
to the foliage, were capable of killing not only all parts of the plants above 
ground, but also the roots to a depth of several tfeet. In 1919 3 he gave a 
detailed report of his experiments concluding that the stage of maturity 
» of the plant and the amount of moisture in the atmosphere were two con- 
trolling factors involved in his results. 

Since the methods devised by Gray failed to give satisfaction in many 
parts of the state, it was deemed advisable to test thoroughly the behavior 

1 Gray, G. P. Tests of chemical means for the control of weeds. Univ. of Calif, 
pnb. in Agr. Sei. 4; 77-79. 1919. 

2 Gray, G. P. Spraying for the control of wild morning-glory within the fog belt. 

Calif. Agr. Exp. Sta. Cir. 168: 1-7. 1917. 

s Loc. cit.j passim. 
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of toxic sprays in order to determine the cause for the erratic results ob- 
tained. With this object in view, arsenieals of both acid and alkaline reac- 
tion were tried and all gave the same results. A certain percentage of the 
plants were killed, others injured to various depths and still others remained 
practically unaffected below the surface of the ground. Chemical examina- 
tion proved that arsenic was present throughout the injured tissue and was 
absent in the healthy parts. 

A morphological study of the plant showed that normally the xylem is 
relatively free from tyloses and gummy obstructions, and that in the root 
the vessels are larger in diameter and form a greater proportion of the 
woody tissue than in the stem. 

Since previous experiments had indicated that translocation, of toxic 
solutions was r’apid, a study of the rate of downward movements of fluids 
in the xylem was made using eosin solutions. Stems of plants growing 
under varying conditions of temperature, humidity, and soil moisture were 
cut beneath the eosin solutions and the rates of movement of solution toward 
the root were determined. These rates were influenced mainly by the trans- 
piration of the plant previous to cutting, that is, with the saturation deficit, 
varying directly with the amount of transpiration that had taken place. In 
plants with low transpiration they varied inversely with the soil moisture. 

With plants which had been in the shade for several hours at 70° F. an 
average rate of movement of 1.8 inches in 10 seconds was recorded. When 
the plants had been in the sunlight in the greenhouse with a temperature 
above 90° F., and the air low in humidity, an average rate of 7.1 inches 
in 10 seconds was obtained. These plants were all growing in a soil low in 
moisture but had not reached the wilting point. 

Plants in water culture held in the shade at 70° F. showed no movement 
of the eosin solution, while similar plants kept under the hot dry conditions 
of the greenhouse gave an average rate of 7 inches in 10 seconds. 

Roots removed from the soil and exposed to the air gave excessively high 
rates, one showing a movement of 20 inches in 10 seconds. 

These and other experiments suggest that under conditions of high 
transpiration the rate of intake of water by the roots, even from an abun- 
dant supply, may fall so far behind the rate of evaporation from the leaves 
that a reduced or sub-atmospheric pressure is set up within the xylem. 

Under these conditions, if the xylem is cut or broken under a solution, 
the solution will be forced in until the internal pressure equals that of the 
atmosphere. This action is responsible for the rapid movement of eosin 
solutions within the xylem. We believe that it is responsible also for the 
movement of toxic solutions into the root of the morning-glory plant after 
it has been sprayed on the leaves. Penetration of the spray solutions into 
the xylem is dependent upon the strong killing action of the acid or alkali 
incorporated with the spray material. 
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When a sub-atmospheric pressure exists within the xylem the resulting 
conditions are: First, a reduced water capacity in the conducting tubes 
due to a compression of their walls by atmospheric pressure. This com- 
pression will be balanced by the elasticity of these walls. Second, a water 
deficit in the turgid cells surrounding the conducting tubes due principally 
to removal of water from their vacuoles against osmotic pressure. 

When water under atmospheric pressure is supplied to the cut xylem 
tubes, the elasticity of these tubes will cause them to expand rapidly, caus- 
ing a rapid intake of water. Following this, intake of water by the living 
cells surrounding the xylem will result in a continued but slower move- 
ment depending upon the amount of water deficit and ratio of living cells 
to dead conducting elements. This movement will continue until all defi- 
ciency is satisfied. For example morning-glory roots growing under dry 
conditions were cut below the crown under eosin solutions. These solutions 
flowed through practically every part of the root within two hours and 
when arsenic solutions were used the roots have been completely killed. A 
study of the rate of movement showed it to be about 10 inches in 10 seconds, 
30 inches in 1 minute and 40 inches in 2 minutes. Of 17 roots treated with 
arsenic solutions 2 were killed to a depth of three feet, 2 to four feet, and 
13 to a depth of five feet or more. It was impossible to follow them deeper 
as they were badly decomposed. They were dug out and examined two 
weeks after treatment. 

Our field experiments have led us to the belief that the effectiveness of 
morning-glory control by the spray method is apparently dependent upon 
the following factors: 

1. Atmospheric and soil conditions which produce a water deficit re- 

sulting in a sub-atmospheric pressure within the xylem 
system. 

2. A period of exposure to the spray of sufficient duration to pro- 

vide for penetration of the toxic solution. Exposure may be 
extended by repeated spraying. 

Penetration is influenced by : 

1. Insect injuries to the cuticle. 

2. Temperature. 

3. Death of the cells, which renders the tissues readily permeable. 

Obviously there are two distinct functions to be performed by the spray 
solution. The first is to render the tissues from epidermis to xylem 
permeable. There are indications that a rapid accomplishment of this 
would be favorable. The second is to kill the tissue in the root after the 
solution has been translocated into them. 
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The first of these functions has been accomplished by acids, 4 bases and 
hydro-carbons in the commercial sprays in use as weed killers at the present 
time, while arsenic has proven most able to fulfill the requirements of the 
second function. 

The problem remains to find agents more effective in fulfilling these re- 
quirements and to apply them under more ideal conditions than have been 
recommended in the past. 

The writers wish to acknowledge their indebtedness to Dr. J. P. Bennett 
for his kindly criticism of the manuscript. — P. B. Kennedy and A. S. 
Crafts, University of California. 


A MODIFIED VAN TIEGHEM CELL FOR PHYSIOLOGICAL 
STUDIES OF POLLEN GERMINATION 

(WITH ONE FIGURE) 

By making a perforation through the glass' slide upon which a Yan 
Tieghem cell is usually made to rest, the germination of pollen may be tested 
in the presence of living stylar tissues. The undetaehed pistil, with or with- 
out the removal of stamens or petals from the flower, is carefully pushed 
through an opening of convenient size at the bottom of the cell till the 
stigmas are immersed in the hanging drop of a desirable medium. Thus 
the influence of a functional stigmatic surface or some other part of the 
gynoecium on the germination and growth of pollen tubes may be readily 
determined. 

Fig. 1 illustrates a set up of such a cell placed over a 250 cc. beaker with 
an apple pistil in place and still connected with a short leafy branch (spur). 
In this particular ease the other flowers of the inflorescence and petals of 
the one used have been removed for reasons of simplicity and clearness in 
drawing. When a large number of series of tests are run the slides may 
be made of paraffin and sets in groups can be floated in shallow water basins. 
With the necessary security and precaution, these cells may be attached to 
flowers of plants grown in greenhouses or outdoors. 

The writers have used successfully such an equipment in studies of 
pollen germination of a number of species of Mains, Cydonia, Pyrus and 
Prunus.' Long-styled plants like Nicotiana ; Cleome, Lilium, and Datura 
are admirably adapted for tests with such a cell. By using glass rings of 

4 A slander, Alfred. Sulphuric acid as a weed spray. Jour. Agr. Ees. 34: 1065- 
1091. 1927. 






Fig. 1. Modified Van Tieghem eell. Description in text. 


various heights pistils with very short styles, as those of Solanum , Vitis , 
Brassica and Bites may likewise be used. With proper size of the opening 
in the slide even flowers with aggregate pistils, of Fragaria and Butus for 
example, may be inserted without undue difficulty into this modified Van 
Tieghem cell. — A. E. Murneek, and W. W. Yocum, University of Missouri. 



NOTES 


The Nashville Meeting. — The fourth annual meeting of the society at 
Nashville will be one of great interest to all who attend. As this number 
of Plant Physiology goes to press, the program committee reports a full 
program. Fortunately it has been possible to arrange the various meetings 
in such a way as to avoid serious conflicts in the physiological programs. 
A friendly spirit of cooperation has developed, and it is hoped that this 
spirit may grow with each passing year. 

The Stephen Hales Prize Fund. — An effort is being made to establish 
a prize fund in honor of Stephen Hales, whose famous book, Vegetable 
Staticks, was published two hundred years ago. The fund is being raised 
by personal subscriptions from members and friends of the American 
Society of Plant Physiologists; and while the fund has not yet been com- 
pleted, the subscriptions thus far received have been generous, so that the 
ultimate success of the project seems assured. It is hoped that a prize of 
$50.00 may be awarded every two years to some plant physiologist who has 
made an important contribution to our knowledge of plant physiology. 
The details of the awarding of prizes will all have to be worked out at or 
following the Nashville meeting ; but the facts regarding the establishment 
of the fund will be made public at the plant physiologists’ annual dinner 
on Wednesday evening, December 28. 

Reports of the Committee on Methods of Analysis. — The various re- 
ports of the Committee on Methods of Analysis have been prepared in the 
form of separates which may be obtained from the chairman of the Com- 
mittee, Dr. W. E. Tgttingham, Agricultural Chemistry Building, Univer- 
sity of Wisconsin. There are five separates in the set, and they contain 
bibliographies that are very valuable to the physiological analyst. The 
price of the complete set is 25 cents, cash preferred. Those who desire to 
own these reports in the most usable form should avail themselves of this 
opportunity. 

Changes in the Constitution. — Last spring Professor Francis E. Lloyd, 
at that time time president of the society, with the approval of the executive 
committee, appointed a committee to examine the constitution, and suggest 
changes in the instrument if it seemed to be desirable. The committee ap- 
pointed to do this work made a conscientious study of the constitutions of 
several similar bodies, and reached the conclusion that it would be desirable 
to submit a new draft to the society for its consideration. Every member 
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should take an interest in the discussion of the various provisions, and help 
to place the organization on a sound working basis. The draft will be 
presented to the annual meeting at Nashville in hopes that any defects re- 
maining in the document may be eliminated. Many new provisions are 
included because of the fact that the society is developing permanent funds 
whose integrity must be safeguarded. Whether or not the society wishes to 
adopt an entirely new instrument must be decided by the membership as a 

Symbionticism and the Origin of Species.— This book by Dr. Ivan E. 
Wallin, of the University of Colorado School of Medicine presents a chal- 
lenging theme. It takes a man of courage to publish a brand new theory 
which he knows will either be rudely discarded, or made the center of hot 
controversy in which he may be worsted. For some years Wallin has be- 
lieved that the mitochondria of the cell are really symbiotic bacteria. Now 
he reaches the surprising conclusion that these symbiotic bacteria are the 
main causes of organic evolution. That the mitochondria are bacteria will 
no doubt be flatly denied by those who view them otherwise. The book 
brings together the evidence which the author believes sustains his con- 
tentions. After a brief introduction he takes up the history of mitochon- 
drial research, the bacterial nature of these cell constituents, and their be- 
havior. He then defines symbionticism, discusses mierosymbiosis, and pre- 
sents an analysis of symbiont reactions.* This paves the way for the last 
three chapters on symbionticism in relation to the origin of species, heredity 
and development, and organic evolution. It presents a peculiar point of 
view, and if Wallin is correct in his interpretation, it opens up an entirely 
new field of work that would be a veritable gold mine for research. Cer- 
tainly many of the ablest scientists of the world have been completely mis- 
taken in their interpretation of cell organization if these views are finally 
upheld. At any rate, the discussion is of sufficient importance that it should 
gain for its author a respectful hearing. If it proves unconvincing, it may 
stimulate work on the part of those who disagree, to the end that proof of 
the correctness or incorrectness of the basic observations may be brought 
forward. 

The book itself is excellently made. It is a Williams and Wilkins pro- 
duction, and the Waverly Press is making good its motto, Sans Tache. The 
price is $3.00, and the book may be ordered from the publishers. 

Plant Respiration. The book on plant respiration published by Dr. 
S. Kostychev in 1924 has now appeared in an English translation. The 
translator and editor of the English edition is Dr. Charles J. Lyon, of 
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Dartmouth College. The five chapters summarize our knowledge of respira- 
tion, and it is the fullest treatment we have at present on this subject. In 
view of the fact that respiration probably starts anaerobically, it would seem 
more logical to reverse the first two chapters, and treat anaerobic respira- 
tion first. The book will undoubtedly get wider use among American stu- 
dents in the form of a translation ; but it is not to our credit that so many 
students do not master the major modern languages. Books ought to be 
just as available to us when printed in French or German as when printed 
in English. Translations ought not to be necessary any longer among us. 
The list price of the book is $2.50, and the publishers are Blakiston’s Son 
and Co., Philadelphia. 

Life of Plants. — An attractive little book under this title has been 
written by Sir Frederick Keeble, Professor of Botany in the University 
of Oxford. The story of plant life is told in nine entertaining chapters. 
The first is a general appreciation of plants, the part they play in nature, 
and their general relations. Chapter two considers the vegetable kingdom 
as a whole, distinguishes the green and non-green, and takes wheat as an 
example of useful seed plants. The next two chapters discuss photosyn- 
thesis, after which the mobilization of food supplies is considered. The 
problems of conduction and enzyme conversions of foods, osmotic action, 
and colloidal state are given brief consideration. Chapter VI is on utiliza- 
tion of foods for constructive material and energy, and also presents an 
account of parasitism, symbiosis, and insectivorous habits. The final chap- 
ters are on the environment of land plants, variation and heredity, and 
the plant commonwealth. The last chapter centers attention on correlation, 
the integration and coordination of the life activities. The author in his 
preface happily says that science is more than a body of doctrine, it is an 
illumination of life. Keeble’s attempt at the illumination is an attractive 
piece of work. The price is $1.75, and may be obtained from the Oxford 
University Press, American Branch, New York. 

Technical Methods of Analysis. — A second edition of Roger C. Grif- 
fin’s work has recently been issued by the McGraw-Hill Book Co. While 
many of the chapters deal with industrial material, there are some that 
deal with agricultural products. Oils, fats, waxes and soaps, foods, ferti- 
lizers, water, sewage and soils are included. All the methods have been 
revised to present the latest improvements, 40 new methods have been 
added, including the new chapter on water, sewage and soils. The book 
costs $7.50 in its new form. 
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Soil Mineralogy. — A small book for the student of soil problems who 
wants to know the mineral species present in the soil has been prepared by 
Professor Frederick A. Burt, of the Texas Agricultural and Mechanical 
College. The text is in four parts, the first of which includes physical 
properties, the elements of soils, and weathering processes. Part II is a 
key to the determinative mineralogy of soils in tabular form. Part III is 
a descriptive chapter dealing with the main soil minerals in ten different 
groups. The final part gives some useful supplementary tables on the 
occurrence, relative weathering resistance, and volume changes of weather- 
ing materials. It is intended for beginners, and should prove useful to 
those who want to know more of the mineral constitution of the soil frame- 
work. It may be purchased of Van Nostrand Co., New York, for $1.50. 

Structure and Development of the Fungi. — This work by H, C. I. 
Gwynne-Vaughan and B. Barnes, of the University of London, is mainly 
a work for mycologists. It is mentioned here only for the fact that the 
fourth chapter is on the physiology of the fungi. The price is $4.25, and 
may be obtained from the Macmillan Co., New York. 

Germination of Oaks. — A study of the factors controlling germination 
and early survival in oaks has been made by Dr. Clarence F. Korstian, of 
the Appalachian Forest Experiment Station. The principal things studied 
were the biotic factors, moisture, temperature, delayed germination, acorn 
size, and the edaphic conditions related to the physiology during storage of 
the acorns, their germination and early growth, The paper is published as 
Bulletin no. 19 of the Yale School of Forestry, and is for sale at 60 cents 
per copy. It is good to see a more physiological trend in forestry research. 
It is indeed time that foresters in general should take a deeper interest in 
the physiological behavior of the particular group of plants with which 
they work. Forestry will remain a superficial and unprogressive phase of 
botanical science until it does reach a strongly physiological basis, just as 
horticulture has done. This bulletin by Korstian is a move in the right 
direction. 

Physiology of the Iris.— -During recent times the bearded German iris, 
Pogoniris, has been much improved in quality and size, and has become a 
flower of gorgeous beauty in the hands of hybridizers. An eager and en- 
thusiastic public is interested in the development of new forms, so that 
breeding is very much in vogue among amateurs. The difficulties of the 
breeder are calling attention to a number of important physiological prob- 
lems which ought to be solved. The germination of iris seeds is one of these 
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problems. They belong to the macrobiotic group of seeds, and germinate 
slowly, sometimes only to a small per cent., and then keep coming up occa- 
sionally over a period of years, up to 15 to 20 years, perhaps. Methods 
whereby a high percentage of germination can be secured within a reason- 
able time are much needed for the breeders. In addition to this, there is 
the problem of seed setting and sterility. Many varieties, even when cross 
pollinated, are found to be poor seed parents, and some never have been 
known to set seed. Thousands of flowers may be borne without any seed 
production. Or pods may form, but drop off before ripening. The causes 
of pod abscission and sterility are obscure. Little is known of the effects 
of edaphie and climatic conditions upon seed-bearing, and particularly 
nothing is known concerning the internal nutrient level of iris metabolism. 
Possibly removal of some flowers may leave enough nutrition to produce 
seed in one blossom, just as removal of flowers will cause fertility in other- 
wise sterile flowers of Cleome. This is a field where a large public would 
appreciate physiological investigations that would insure a larger result 
from breeding effort. 

Heating of Bulbs. — A number of physiological disturbances in bulbs of 
tulips are attributed by those who deal in them to heating in transit. In- 
formation as to what kind of injury actually can be caused by heating the 
bulbs under controlled conditions is extremely meager. The fundamental 
physiology of bulbs should be much better known than it is at the present 
time, and experimental production of breakdown is the road to an under- 
standing of these problems. 
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